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N 1941, two of us’ reported that daily intramuscular injeelion.s of jmr- 
- tially purified hog renin for four months ])roduccd striking reductions 
in the blood pressures of dogs willi e.xperimental renal (Goldhlatt,) hv- 
pertension, whereas heat-inaetivated hog renin and active dog renin were 
without antiprc.ssor effect. Moreover, daily intramuscular injections 
of hog renin solution into two dogs for three months before and three 
mon hs after constriction of the renal arteries prevented the develop- 
ment of hypertension. The serums of the dogs treated with hog renin 
ut not the serums of the dogs that received injections of inaotivaled 

( 1 lenm). In this report, we einjihasized the fact that additional ex 
periments were necessary in order to establish definitelv the proiilivlactic 
and therapeutic value of renin .solutioius in cxperiinenta] renal bvper 
tension in the dog, as well as to clarify the mechanisms invoh-ed ' 

feets of T foinpleted in wliicl. the prophylactic ef- 

fects of hog renin, inactivated hog renin do'>- renin i-JiLP • 

>emhe do.,, ,Am! did 1 

course of inactivated lio'c rciiiii or active <o .a.'lirevions 
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METHODS 

The methods used were, in general, similar to those previously employed.^ Mean 
blood pressure readings were obtained by puncture of a femoral artery (method 
of Dameshek and Loman2) two or three times a week. Studies on the blood urea 
nitrogen, urinalyses, and determinations of the body weight were made at monthly 
or bimonthly intervals, and more frequently when indicated. With the exception of 
one experiment with highly purified hog renin, the method used for the preparation 
of the renin solutions was essentially that described by Grossman,3 except that 
acetone was employed as a dehydrating agent, and much of the associated protein 
was removed by isoelectric precipitation. These renin solutions were therefore only 
partially purified, and obviously contained substances other than renin. The highly 
purified renin was prepared from the partially purified renin by the method of one 
of us, -4 using a series of precipitations which removed 84 per cent of the nonrenin 
substances without appreciably affecting the amount of pressor activity. With two 
exceptions, the renin solutions were equivalent to 1 Gm. of fresh kidney cortex per 
c.c. of solution. In the case of highly purified hog renin, however, the solution was 
equivalent to 5 Gm. of fresh kidney cortex per c.c. of solution, and when the dosage 
of partially purified hog renin was doubled in certain therapeutic experiments, the 
solution was equivalent to 2 Gm. of fresh kidney cortex per c.c. of solution. All of 
the renin solutions contained 0.5 per cent phenol. 

Treatment consisted of daily intramuscular injections of the renin solutions. 
Unless otherwise stated, the dosage was 1 Gm. of fresh kidney cortex equivalent per 
kg. of body weight. In the prophylactic experiments, the dogs were treated with 
renin solutions for a period of approximately six months. In the middle of this 
period the right and left renal arteries were constricted, three weeks apart, by the 
Goldblatt technique.5 Four dogs were treated with hog renin, four with hog renin 
inactivated by heating at 70° C. for one-half hour, four with dog renin, two with 
rabbit renin, two with inactive human renin (renal extract prepared like renin, but 
pressor inactive), and three with liver extract prepared after the manner of renin. 
In the therapeutic experiments, unless otherwise stated, a course of renin therapy oc- 
cupied a period of four months. All of the seven hypertensive dogs in this group 
had previously been subjected to one course of renin injections, and the results re- 
ported.i For four of the dogs this first course consisted of hog renin; for two, in- 
activated hog renin; and for one, dog renin. In the experiments reported here, all 
of these dogs were given hog renin injections. 

Blood serums were examined for antirenin before treatment, and subsequently 
during treatment, at semimonthly intervals, and, after treatment, at monthly and 
bimonthly intervals. The technique, previously described,® consisted essentially in 
mixing two volumes of serum with one volume of renin solution, allowing the mixture 
to stand at least overnight at 4° C., and assaying the acute pressor effect produced, 
by giving the mixture intravenously to the etherized, nephrectomized dog. The dose 
of renin solution was 0.25 Gm. of kidney cortex equivalent per kg. of assay animal. 
In all instances the serum tested for antirenin was suitably controlled with serum 
from untreated, normal dogs, and frequently with serum from untreated hypertensive 
dogs. Antirenin titers were regularly ascertained for dog renin, less frequently for 
hog renin, and exceptionally (two dogs receiving rabbit renin) for rabbit renin. 

RESULTS 

I. Prophylactic Experiments. — 

Hog Renin . — During three months of hog renin injections prior to 
constriction of the renal arteries, the blood pressures of the four dogs 
in this group showed no significant change from the normal levels ob- 
served during a preceding control period of two to three months. Sub- 
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sequent to constricliou of the renal arteries, two of the <lo,-xs sl.owcd no 
important change in blood i)ressnrc during the remannng three months 
of treatment with liog renin or during obsei-vation j)eriods oi elevmi and 
thirteen months, respectively, after renin therapy. The ]-e.sults witli one 
of tliese two dogs are shown in Fig. 1. The third dog showed a v(‘ry ukkI- 
erate, but significant, ri.se in blood prc.ssnre after eon.slrielion of tlie 
renal arteries, with a gradual increase in tlic hy]iertension during the 
seven montlis of observation subsequent to treatment. After const rie- 
tion of tile renal arteries, the fourth dog developed pronounced hyper- 
tension which persisted without essential alteration duviiig the w‘vcn 
months of observation subsequent to the in.iections of hog renin (!' ig. 2). 


hmeiivaied JTog Fcnni.— During the throe months of inactivated hog 
renin in.iections prior to con.striction of the renal arteries, the blood pres- 
sures of the four dogs remained at the normal levels that obtained during 
the initial control iieriod of two and one-half months. Due dog con- 
tinued to have a normal blood prc.ssure desjnte the renal arter.v constric- 
tions. Normal pre.ssuro persisted in this animal during three inonlhs 
of continued inactivated hog renin inicctions and seven months of sub- 
sequent observation. After consti'iction of the renal arteries, hyper- 
tension developed in the three remaining dogs. No .significant changes 
occiuTed in the liypertension of thc.se three dogs during the cn.siiing three 
months of continued inactivated hog renin in.iections or during the seven 
months of observation after the completion of the injections. 

Doff Benin . — There were no significant deviations from the initial con- 
trol levels in the blood pressures of this grou)) of four dogs during tlic 
three months of injeetions of dog renin ])rior to hilaleral renal arlerv 
constriction. Two of the dogs continued to have a )iorma] blood [tre-s- 
sure after renal artery constriction. The blood tna'ssiin! of one of lliest' 
continued to be normal during the three months of (;ontinued dog renin 
treatment and during the seven montlis of ol).se)’valion .sub.sccpienl to 
dog renin injections. The other animal’s pressure remained within nor- 
mal limits during the period of dog renin injections after the arterial 
constrictions, but showed a gradual, though significant, rise in blood 
pressure during the seven montlis snceccding dog renin injections. The 
two remaining dogs developed liypertension after the arterial eoiislrie- 
tions. The hypertension of these two animals eontimiod essentially un- 
changed during three montlis of confinned dog renin injeetions and 
seven months of observation .snJisequcnt to the termination of tlie iiijee- 
tions. 


Buhhti 7i’c?n?(.~Tho normal juussiire of llie two dog.s in (his group was 
not altered during the finst three montlis of rahiiit renin injections. 
Alter constriction of tiie renal arteries the pre.ssiires continued to he 
normal. Shortly after constriction of liie .second renal arterv, one of the 
two dogs died ol pneumonia. Tlie otlicr .-mimal retained a persistentlv 
normal pressure, not only during the three additional months of rabbit 
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mnn inject loii-s but also dm-in«A the seven nnmth.s sulwquen) m r.ibl.it 
renin treatment. 

Jnacfivc Jlwnnn /sV -The normal pre.Hsnrc of tno dops dnrifitr tlu' 
initial control period iva.s nnehamied by three montlis of inactive iniman 
renin in.ieetion.s prior to constriction of the renal arteries. Ibnial arfcrv 
eon.striefion prodneocl liyperten.sion in hath animal.s. and one of tin- 
dogs died of malignant hypertension two woohs subsequent to the ai lciin) 
constriction. Tlic hyiiertension of llie other animal ju-rsmted duriinr 
the remaining three months of inactive human renin injections and 
during the three months which have elapsed since treatnu-nt was 
.stopped. 

Liver Extraci. — Tiie noniud pressure of the three dog.s in this grouji 
did not show any significant ehango.s during the ]u-econs1 riel ion injection 
period. After constrict ion of the renal arteries, all three of the doixs 
developed hypertension. Two weeks subsequent to the second ofteration, 
one of the dogs died of malignant Inqicrtonsion. Tlic oilier two does have 
shown no significant change in their hypertension during the postcoii- 
striction injection period. 

TJixircaiccl Controls ;. — After two to four months of control blood jnes- 
sure readings, sixteen dogs were sulijected to bilateral renal artery con- 
striction. After the constrietion.s, all of the dogs developed hyjicrfcnsion. 
These control dogs showed pereistent liyperten.sion during tlie five to 
seven months of observation suhsequent to constriction. 

Anlirenin became demonstrable in the scrums of ibe four dog.s llmt 
received hog renin and the two dogs which were given rahhit renin 
during the second month of treatment, and disappeared during the sec- 
ond month, after treatment was di.sconliniicd. Anlirenin assay.s wen- 
repeatedly negative in the dogs which received inactivated hocr renin, 
dog renin, inactive lunnan renin, and liver extraci, as well as in the un- 
treated controls. 

No toxic effects from the injections were delected in any of Ilie an- 
imals. Their appetites remained excellent, tiicir weiL'lit-s constant, and 
their blood nrca nitrogen and urine normal, Ibrougbout. 


IT. TiiERArgUTic Expkrimkxt.s. — 

7/0/7 Ecnin (Preceded hif Jloft ILuin). — flic fir.st hypcilensiic del.' 
showed a dccroa.so in blood pressure to normal or even Mtluioima! If-u Is 
during the fii-st cour.se of bog renin treatment. Aft<-r (he crjifiiclion 
of therain' llicre was a .slow return over a ])t-rind ot .sc\tu months to 
tfie pretreatment hypertensive i-anne, wliere the f»n -^sur,- n-maim-d u>r 
the ne.xl five montlis tliat eoiichided the peviotl of oi)s.-rwuion nq>ort. d m 
our previou.s communication.’ During the sm-cc.-diim fuc xiiont 
how.-vf-r. the blood jirc.ssure of this animal fiiiclualcd from normal to 
definitely liyiierten.sive levels. Then the second cours.* of hotr r.-tun in- 
jeetions wa.s begun. These fluctuations in bloo.i lu-.-ssinv hav.- <-onfitiuc.. 
without nofcwortliy chanto? dnrin" the six umntiis oi tn-aim'-ni, 
lioui-'Iino of the hoo renin dosage elunncr the last three months 1 1 ig. 
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The second dog shoAved a decrease in blood pressure to the normal level 
duLg the first course of hog renin therapy, with a gradual mci ease 
S the four months after treatment to a hypertensive level .^prox- 
imately 20 mm. Hg below the pretreatment hypertensive range. Duim,, 
the succeeding four months the dog’s pressure continued unchanged; tins 
concluded the period of observation reported in our previous communica- 
tion.^ Four months subsequently, witli the hypertensive level unaltered, 
the dog was subjected to a second course of hog renin. Again a prompt 
decrease in blood pressure to low normal levels occurred. Three months 
after the completion of the second course the pressure was still normal, 
although it then began to rise (Fig. 4). 
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o = Blood pressure before ho^ renin 
A=B1oocI pressure during injection period 
— =Avera^e monthly blood pressure 


Fig. 


In the third dog, the first course of hog renin reduced tlie blood pres- 
sure to normal levels ; tliis was followed by a gradual return to the pre- 
treatment hjqjertensive level over a period of five months after tlierapy. 
For the next three months there was no significant change in this an- 
imal’s h}^pertension.' Three months . later, udth the hypertension un- 
altered, the dog was started on a second course of hog renin. Since no 
significant change in blood pressure resulted during the four months of 
reatment, the hog renin dosage was doubled. Four additional months 

ot therapy at this dosage have resulted in a decrease in blood pressure 
to normal levels (Fig. 5). ^ 

The fourth dog showed a significant reduction in blood pressure al- 
tl ough no to normal levels, as a result of the first course of Img remn 
bsequent to treatment the blood pressure returned to its pretreatment 
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1941 Months 1942 


o = Blood pressure before and after bogr renin 
Blood pressure during injection period 
—= Average monthly blood pressure 


Fig. 4 . 



o= Blood pressure before bogf renin 
A= Blood pressure during injection period 
— = Average monthly blood pressure 


Fig. 3. 
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• 1 „1 nvpi- 1 Eoviod ot tom- monllis, wlici'c « 

liypertemivE ''='f „„„tl,.s Into.', Il.c dog E-as given a 

S -rot hog S: 

hypertensive level over a period of five months (h’lg. 6). 



o = Blood pressure before and after hog renin 
A= Blood pressure during injection period 


Fig:. (!. 


Antirenin became demonstrable in the serums of these four dogs 
during the second month of the first course of hog renin therapy. Anti- 
renin disappeared from the first dog du7-ing the .seventeenth month after 
treatment, whereas the renin neutralizing body was no longer demoTi- 
strahle in the other three dogs by the seventh, fiftli, and sixtli months, re- 
spectively, after treatment.^ After instituting the second course of hog 
renin, antirenin reappeared in the serums of the four dogs during the 
second week of therapy. The finst and third dogs are still under treat- 
ment, and, obviously, antirenin continues to be present. Antirenin has 
persisted to date in the .second and fourtli dogs, tliree and five montlis, 
respectively, after the completion of treatment. 

Hog Benin (Preceded hy ImicUvated Hog Renin ). — The first hyper- 
tensive dog of this group showed no significant change in blood pressure 
as a consequence of a course of inactivated liog renin injections.^ Two 
weeks later, an eight months’ course of highly purified liog renin was 
instituted. Since this produced no significant effect, it was followed hy 
a course of partially purified hog renin, which produced a sliglit, but 
probably significant, decrease in blood pressure during the fourth 
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month. However, when the dosage of partially purified hog renin was 
then doubled, a gradual reduction in blood pressure to the normal 
level for the animal occurred during the ensuing three months of treat- 
ment with Ihe larger dose (Pig. 7). 



A = Blood pressure duringi infection of hog renin 
— = Average monthly blood pressure 

Fig. 7. 



Fig. s. 

The second dog likewise showed no significant change in 
sure during or following a course of inactivated hog renin. ^ ® 

after the inactivated hog renin, the dog was given an eig it mon is 
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course of hog renin in oiic-quarter the usual dosage, uuthout any cfCeet. 
on the animal’s hypertension. Subsequent to this, and, for the pas . 

thc?og has bacn ascd £ov .he assay 
suits) of the antipressor action of a different t}]ie of hidne^ - < , 

not germane to the present discussion. 

No antirenin developed in the serums of these two dog.s a.s a result oi 
tlie inactivated hog renin injections.^ During the second month ol 
(active) hog renin, however, antirenin became demonstrable in tmlli 
dogs. The renin neutralizing body has persisted to date in the fir.st dog, 
which is still under therapy, but disappeared from the scrum of the .sec- 
ond animal during the third month after treatment with hog remn was 


discontinued. 

Hog Benin (Preceded hy Hog Renin).— One dog .showed a significant 
increase of approximately 30 mm. Hg in its liypertcnsion during an 
initial course of dog renin.^ The blood pressure gradually decreased to 
the pretreatment hypertensive range over a period of five month.s after 
dog renin. The dog was then given a five montlis’ course of liog renin 
without anj^ significant effect on the hyi^ertcnsion. When the dosage 
of hog renin was doubled, the blood pressure of the animal gradually 
decreased to normal levels during four months of additional therapy with 
the larger dose (Fig. 8). 

The course of dog renin did not result in the appearance of anfirenin 
in the serum of this dog.^ During the second month of hog renin in- 
jections, however, antirenin became demonstrable, and persisted during 
nine months of hog renin treatment. 

As previously reported for the first courses of injections which these 
seven hypertensive dogs inceived,^ the later courses of treatment with 
the hog renins reported in this communication were without any de- 
tectable local or general toxic effects. 




The prophylactic experiments constitute tJie first successful preven- 
tion of experimental renal hjqiertension in the dog; a number of un- 
successful attempts have previously been rexiorted. Thus, renal artery 
denervation,'-'’ splanchnicotomy,^® anterior root section, “ buffer nerve 
section, « complete sympathcetomy,^'’'^'’ and destruction of tlie spinal 
cord below tlie fifth cervical segment"* did not prevent the development 
of experimental renal hypertension after constriction of the renal ar- 
teries in dogs. Page and Sweet"" found that previous hypophysectomv 
m dogs decreased the hypertension resulting from renal artery 'constric- 
tion but did not prevent it. Thyroidectomy"* and gonadectomy’" did not 
interfere with the production of experimental renal hypertension. Col- 

prevrnftre''f adrenalectomy diminished, but did not 

do"? consequent upon renal artery constriction in 

a Ogden"" found that pregnancy freqncntlv de 

layed the onset of experimental renal hyperteuionin rats. 
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Our results show tliat, of a total of fifteen dogs treated with renal 
extracts, six (40 per cent) were protected against In-pertension and nine 
were not. This is in striking contrast to the control group of sixteen 
untreated dogs, all of which became In-pertensive. In a larger series of 
<0 untreated dogs Avhich were operated upon by essentially the same tech- 
nique during the past three years, we have failed to obtain some desree 
of hypertension in only one animal. Othei-s-= have reported failure to 
obtain hypertension after constriction of the renal arteries by a .some- 
what different technique in 10 per cent of their dogs. 

The long periods of normal pressure in five of the protected dogs after 
the discontinuance of treatment are .sinking. We intend to obseiwe 
these animals for a minimum of eighteen months subsequent to treat- 
ment. If those five dogs do not become In'perteiisive during this ob- 
servation period, we shall further constrict the renal arteries until In-per- 
tension, malignant hypertension, or fatal uremia without hypertension 
results. The fact that only one per cent of our untreated dogs failed to 
develop at least some degree of Inqiertension after comstriction of the 
renal arteries renders most unlikely the possibility that the pei-sistence 
of normal pressin-e was uJii-elated to tlie renal extracts injected. That 
they constitute true instances of .succo.ssful prophylaxis is also attested 
by the fact that one dog which received dog renin was protected only 
during the period of ti’eatment. and that one dog that was partially 
ju’oteeted by hog renin showed a further increase in blood pressure after 
treatment. 

The meehani.sm of these i)rophylactic effects is not apparent at pres- 
ent. Obviously, tlie small number of animals in each prophylactic group 
and the lack of consistent results untliin each group make a final in- 
terpi’etation impo.ssible. Whether the prophylactic effects are due to 
renin or to some other substance or substances in the partially purified 
solutions is likewise not ascertainable at present. The evidence that the 
prophylactic effects ai'c not brought about by autu’enin appeal's con- 
clusive. Thus, two dogs which received dog rerun and one that was 
given inactivated hog renin were protected against experimental renal 
h^’pertension, although these animals never at any time showed anti- 
renin in their serums. Furthermore, the two dogs treated with bog 
renin and the one treated with rabbit renin, which were protected agau^ 
In'pertension, continued to have a normal pressure for months after t le 
disappearance of antirenin from their serums. XeAeitheles.s, some ot ler 
t.'sqre of antiliormone or immune response is not completely rule out. 

' The results of the therapeutic exper-iments amply confirm the pre- 
nouslv reported effectiveness of hog renin solution in experimental renal 
Inqjertension in the dog. Thus, the second and fourth dogs which re- 
ceived two courses of hog renin, again showed a decrease in blood pres- 
sure to normal levels as a consequence of the second coui-se of hog raim. 
The third dog responded to the second coui'se of hog lenin a ei le 
dosage was doubled. The firet dog has thus far not responded even to 
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lith a decrease in blood pressure to normal when the i;'"'"''”-' ^ 

ho- renin dosage was doubled. The other do- did not respoi d to bo. 
ren\ in reduced dosa-e. The do- which had prcviou.sly received a eoii.-se 
of do- renin without antipressor effect, rc-ained normal blood pressure 
undei- a course of bo- renin, allbou-h only after the dosa-e was doubled. 

The mechanism of these reductions in blood jires-siire wbieb are ]>ro- 
dueed in experimental renal hypertension by lio- renin is iiot. yet clear. 
Whether the therapeutic effects of ho- renin arc due to rnihi or to some 
other principle or principles in the pdrtiolhj purified solution cannot b( 
.stated at present. The recent statement by bb-iedinan, et a1.."' Unit 
highly purified ho- renin is without antipressoi- effect in renal hyjjer- 
tensive dogs is wholly iiieonelusive in liiis connection, for the dose which 
they employed was only one-twentieth of our minimum in Icrm.s of renin, 
although the same in terms of fre.sh kidney cortex eijnivalenl. .fMmost 
certainly, our therapeutic effects were not due to antironin. Thus, in 
the £rst h.ypertensive dog, which received two eour-ses of ho- renin, the 
.blood pressure I'elurncd to the pivircidmoiii Jiyjiortcn.sive level after 
the first course, in spite of the pensislenoe of antironin in the .serum. 
Moreover, de.spite the prompt reappearanee of anlirenin during the 
second course, there has thus far been no significant reduction of this 
animal’s blood pressure. The third dog, which received two courses of 
hog renin, .showed no therapeutic effects from the .second coiinso of liog 
renin, de.spite the prompt reappearance of antireuin, until the dosa-e of 
hog renin was doubled. Likewise, the two do-.s that were fiv.sl treated 
with inactivated ho- renin did not show therapeutic effoets after eight 
months of highly purified hog renin or eight months of partially puri- 
fied ho- renin (in reduced dosage), ros])ec( ively, although antironin 
became demonstrable in their .sertim.s during the second month of treat- 
ment with the ho- renins. Similarly, the liypertcnsivo do- which first 
received a counse of dog renin .showed no therapeutic response from the 
course of ho- renin until the do.sagc was doii])Icd, allhongb anlirenin 
was produced by the initial liog renin dosage. 

As stated above, we observed a notable lack of toxic effects from tho 
nyiections of these kidney extraeks into both normal and hvporlen.sive 
c^ogs, although the most .sen.sitive tests for renal, hepatic, and other func 
tions ivere not employed. The toxic effects of partially inirifiert 
solutions noted by Winternitz, et al.,=^ and LeiteJ and Eiel olhl! ^ . J 
^obahly related chiefly to their employment of the intravenoi«\*ouio*^ 

ox,.... 
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propliylactic'ally and iJierapeulieally potanl pi-iaeipje or principles in 
the renal extracts 'which we have employed. 

In order to ascertain the active principle or principle.s in these renal 
extraet.s, we nnrst eondnct .sliidie.s on larger groups of dogs, treated 
prophylactically and therapeutically willi partially purified renin solu- 
tiorrs and wtli higldy purified renins. The effect of dosage, -which has 
been briefly investigated in some of the therapeutic experiments reported 
above, as -well as the eftect of route of administration, must also be stud- 
ied fui'ther. These investigations are in process. 

If future results substantiate the continued promise of our observa- 
tions to date, v.-e .shall study the effect of this tj-pe of treatment in es- 
sential hypertension in man. 


COXCLU.SIOX.S 

1. For the first time, experimental renal In-pertension was prevented 
in six of fifteen dogs In- the dail.v intramuscular injection of certain 
partially purified renin solutions for three months before, and three 
months after, constriction of the renal arteries. Two of four dogs were 
protected by hog renin, one of four by heat-inactivated hog renin, t^vo of 
four by dog renin, one out of one ])y rabbit renin, and none of two by in- 
active human renin. 

2. Liver extract, prepared like partially puiffied i-enin, offered no 
protection to three dogs; all of sixteen untreated control animals de- 
veloped experimental renal h%-pertension after constriction of the renal 
arteries. 

3. Daily intramuscular injections of partially pui-ified hog renin solu- 
tion for four mouths or more pi’oduced striking reductions in the blood 
pressui’e of renal hypertensive dogs. Three of four animals showed 
therapeutic responses to a second couise of hog renin equal to the excel- 
eellent effects whieli resulted from a course of hog renin administered 
one year before. One dog wliich had previously received a course of in- 
activated hog renin, and one that had pi-e\-iously been given dog renin, 
without antipressor effect in both cases, showed reductions in blood 
pressure to normal levels during a subsequent course of hog renin. 

4. The mechanism of these prophylactic and therapeutic effects is not 
now apparent. They may he due to renin or to some other substance or 
substances in the partial!}- purified renal extracts. Antiienin is a os 

certainly not involved. . . , • 

5. Attempts to identify the active prinmple or principles in the lenm 

solutions and to clarify the mechanisms imohed are beino hia e. 

We are grateful to K. E. Vessey and AL Ali.zeika for technical assistance. 
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THE NORMAL HUMAN VENTRICULAR GRADIENT 

I. Factors ■Which Affect Its Dirfxtion and Its Relation ' 

TO THE Mean QRS Axis 
Richard Ashjian, PhD., and Edwin Byer, A.B.® 

New Orleans, La. 

With an Appendix on Notation by R. H. Bayley, M.D.f 

TN 1934, Wilson, Barker, Maeleod, and JohnstoiP published an impor- 
1 lant, paper dealing Avith the areas of the ventricular deflections of 
the human electrocardiogram. It Avas shown that the net area of the 
QRS-T, above or beloAv the isoelectric line, in any two limb leads, could 
be used to calculate the direction and magnitude of the manifest area 
of QRS-T. Since it possesses both direction and magnitude, this quan- 
tity is a A’oetor and Avas called the A'entrieular gradient by Wilson, 
^Maeleod, and Barker.- The papers cited give a fairly detailed expla- 
nation of the QRS-T A’cetor. and to them the reader is referred. It Avill, 
therefore, be suffleient here to giA’c a briefer explanation. 


1. the nature of the ventricular gradient 


Fig. 1 shoAvs a sphere of cardiac muscle, lying in a saline solution at 
the center of an Eiuthoven triangle. The points in the solution, labeled 
RA, LA, and LL, are at the comers of the triangle and are equidistant 
from the muscle. Each jiair of points is connected to a gah'anometer, in 
the same fashion as the limb leads are connected to the extremities in 
human electrocardiography. The three leads aaIU be called Leads I, 11, 
and III. While recording the three leads simultaneously, a stimulus is 
applied to the surface of the sphere at S. The Avave of excitation, thus 
initiated, progresses through the muscle from the reader’s left to the 
right. During the time of its passage, point RA is negatiAx, point LA is 
positive, and point LL is, on the aA-erage, at zero or earth potential. 
(Papers AAdiieh giAX the experimental eAudence for this and other state- 
ments in this section are quoted in a textbook.®) Consequently, 

Avard deflection, R, is seen in Lead I, an upAA’'ard deflection, R, 
the height, in Lead II, and a doAviiAvard deflection, of the same amp i u c 
as R,, in Lead III. These waves, like the QRS complex of the human 
electrocardiogram, are a result of the passage of the AvaAm o 
tion through the muscle. When recorded on the flhn it is ® 

ascertain the area of each AvaA'C in microAmlt-seconds (m.A.s). i ^ • i 
usual standardization, and time lines 0.04 seconds J 

of 0.1 millhmlt, acting upon the galAmnometer foi 0. secon , 
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small, rectangular defleetmn " Th^rcctnnglo lias a value of 

potential rectangles recorded on t ^ 

i m.v.s. Because it is eonvenront, ,,iV.r lo 

1-e not converted onr J— ,,, ,,„.posos of dis- 

eussion «.a. ..,.V.W, - „..,y ™11 i. 

muscle, has an aiea of 1 ■ ji,,, .,ve'i of tluMlenoclioit 

positive and its area is +10 nmts. Tn Lead 111, Iht aica m tin 

that is, from left to right and parallel to the hue oi Lead . 



LL 



Fig. 1. — Tills is vliscusseU In the text. 


After depolarization of the muscle, rcpolarization begins. In a physio- 
logically uniform muscle, the area, although not the slupic, of the T is 
the same as the area of the initial deflection, B, but its direction is op- 
posite. In Lead I, the area of the T is -10 units, and, in Lead III, +:■) 
units. The direction of the vector representing T is just opposite to the 
direction of the R, namely, ±180°. If we add algebraically the areas of 
the initial and the final deflection in each lead, we will have the net ai'c.'t 
of the whole diphasic curve, or, in man, the net area of the QRS-T com- 
plex. In our experiment, in each lead the algebraic sums arc zero. The 

gradient of the muscle is zero in magnitude and, consequently, lias no 
direction. 


Everyone knows that in the normal human ventricular electrocardio- 
gram the net areas of the QRS complex and the T wave in any lead are 
neither characteristically equal, nor are they opposite in 'direction 
his means, most probably, that the .sequences of depolarization and 
epolanzatioii m man’s Tcntricks ni-c not the same Init, iisuallv 
oppomte. The nesn.t is that the avenase moan eleetvieal " xis’„r "he 
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QRS complex in man is nearly +60°, and, of the T wave, only about 
10° or 12° to the left of this. 

Returning to the muscle sphere, it is experimentaUy an easy matter to 
reverse tJie direction of the T wave. All we need to do is to cool the left 
lialf of the sphere sufficiently, Avliile keeping the riglit half uncooled. A 
stimulus is now applied to the muscle, as before. We will assume, con- 
trary to fact, that the cooling does not change the velocity of the wave of 
excitation. The initial deflections arc then precisely like those derived 
from the uncooled muscle. In this case, however, the cooled half becomes 
repolarized much more slowly than the uncooled half of the muscle. 
Consequently, the right half, which is last to be activated, is now &-st 
to recover. The electrical effects of repolarization are reversed, and 
the T waves are in the same directions as the initial deflections in all 
leads. If the cooling was ,iust sufficient to produce a T wave of the 
saine area as the R, the net area of R-T, namely QRS-T, in Lead I is' 
now +10 +10, or +20 units, and, in Lead III, -5 and -5, or -10 units. The 
gradient has a magnitude of 20 units, and a direction of 0°, in this ease. 

If the upper half of the muscle were cooled instead of the half sur- 
rounding the point of stimulation, and cooled to the same temperaLu'e 
as before, the resulling gradient would still possess a magnitude of 20 
units, but it would point straight downward, i.e., its direction would 
be +90°, and at right angles to the direction of the initial deflection. 

As wc have pointed out, if the sequence of repolarization is the same 
as that of depolarization, there is no gradient. It is evident, therefore, 
that the gradient is an expression of those electrical forces which ap- 
pear when the sequence of repolarization differs from the sequence of 
depolarization. It may ])c noted i7i passing, and this is an important 
point, that diminution in T-wave amplitude, and even reversals in the 
T-wave direction and in the electrical axis of the T wave, can result 
from a mci'e dimijiution in the magnitude of the gradient, aiid maj 
occur under a variety of purely physiologic, as well as pathologic, 


conditions. 

It is possible to record directly the areas from which the giadieiit 
is derived. For example, the stimulus may he applied at the geonietu 
cal center of the sphere of muscle. The wave of excitation spies s 
outward in all directions, hut the galvanometers record not nils, e 
cause each electrical force is balanced hy an opposing one. i o , 
deflections nppenv. But, on vcpolcrisation, the uneooled l.» f o ™ 
muscle, i.e., that on the left in the figure, becomes 
rapidly than the cooled half, and a large I A\ave is ■, 

lead, 'in Lead I, the area of the T wave is +20 units and, 

-10 units, that is, the areas previously derivec y at has 

the initial and final deflections The gradieut, J drfference 

a magnitude of +20, and its direction is -■ nntside- the 

where we stimulate the sphere, on the f Wilson, 

gradient remains unaffected, as the experimental results of AMlson, 
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Barker, Maelcod, amt .Tolmstou’ dcmnsiralecl. ].'m-lli»rmove, tl.o. time 
rcnnirctl lor paasase ot llic impulse lliroug!' H'e muse'e 'vil i»>l a • 
feet tlie griulionl. Let ns suppose that m'C can cause e.\a(;11} a .> 
per cent increase in llie time rcfiuired by tl'C un])ulsc to invade le 
muscle in the example of tlie partly cooled muscle, and apim stim- 
ulate at S. Tlie 11 wave in Lead I, since it is twice as wide as be- 
fore, now lias an area of 4-20, and the net ai’ca of the I Ma\e is 
zero’. In Lead III, the area of tlie initial wave is -10, and the 'I' Avave 
has an area of zero. Similarly, in the human heart, in the two en.scs ot 
partial bundle branch block in wbicb we linve made incasurcinents. the 
change in intraventricular conduction time from no block to block' 
caused no change in the size or direction of the gradient beyond the 
limits of error in measurement. There is little change in the gradient 
in ventricular premat ui’e boats, and the change i.s probably a conse- 
qiieiice of the prematurity and the resulting alteration in physiologic 
state when the early beat occurs. 

The ventricular gradient is the fundamental quantity in electro- 
cardiography. A change in the gradient reveals a change in the .state 
of the imi.scle, as 'Wilson has emphasized. All T-wave changes which 
are unassociated Avith QllS complex changes arc caused by eliangcs in 
the state of the muscle, as in our first example of the cooled mu.scle. 
Other T-wave changes are like those in some cases of bundle branch 
block, and are related to QRS cliaiigc and not to muscle eluingc. In 
other cases, botli factors operate. It is important to make the dis- 
tinction; this "Wilson has also stated. 

2. AIKASUinCMK.N'T OK THE VK.NTniCUHAK OKAWICXT 

One thing ivliicli has inhibited study of the gradient is (he ojiinioii 
tliat, unle.ss s[)ecial methods are employed, its cursory measurement i.s 
too inaccurate to be valuable. It. is to be noted in this connection that 
slightly inaccuralc quantitative estimations may be vastly preferable to 
no moii.surenients at all, just as the palpatory method of estimating blood 
pre.ssure was lielter than none. Tliore are two tilings tiiat \vc Avisli to 
knoAV about the gradient, namely, il.s magnitude and its direction. We 
find that in most cases the former can be estimated Avith an error of less 
than +10 or ±15 per cent, and the latter Avith an error of not, over ±4: or 
±5 degree.s. ^ Witli enougli practice, two observers can agree Avitbiii 
those limits in the majority of cases. Certain types of records cannot 
be measured with this degree of accuracy. If the net area of the QlIM 
vector is less than about 4 units, tlie error in estimating the direction 
increases, and the error is, in general, inversely proportional to IIk- 
size of the vector. In this case, even though the percentage crroi' in 
estimating vector size is large, this is unimportant, for the practioallv 
important question is to knoiv Avlielher the vector is small or not. lli 
estimating the size and direction of the gradient, the chief error comes 
fiom inaccuracy m placing the base line of the T wave, and particu- 
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Jarly in making proper allowance for the magnitude of a normal devia- 
tion of the S-T segment, which has been taken as a part of the net T area. 

We examine the electroeaj-diogram with a good reading glass. Fol- 
lowing a schema used by Dr. F. H. Bayley, Ave often estimate the area 
of an B Avave by multiplying its height l)y half its base, but extreme 
care must be taken in estimating the Avidth of the base and in alloAving 
for curA'ature of the ascending or de.scending limbs. One must also 
guard against an optical illusion. When an R Avave is split by a time 
line, its ascending and descending limbs appear to be concave ; Avhen 
the R lies bctAveen tAvo time lines, its limbs tend to appear convex. 
The eye also tends to make the base of an R aa^oa’c Avhieh lie.s betAveen 
two time lines exactly equal to the time betAveen the lines, although 
the actual Avidth of the R may be slightly greater or less. These 
remarks also apply to other aa-oa'c-s of good amplitude. The area of E 
is the area contained Avithin its boundary lines and aboAm the IcAml of 
the P-R segment at the loAvcr edge of the string .sbadoAA'. The area of 
Q is analogously derived, Avitb referenee to the lApper edge of the P-R 
segment. The area of S is the inside area beloAA' the upper edge of the 
S-T .iunction, or, if that junction is dcA'iated, beloA\^ the level of the 
base line betAveen T and P, or U and P, if a U is present. The Q and 
S areas, as negative c[uantities, are subtracted from the area of R, 


as a positiA'c qiAantity, to give the net area of the QRS, The area of T 
is the net area of any S-T segment shift Avhich may be present and 
of the T AvaA’e proper, so-ealled. Considerable errors may occur in 
measuring the T, unless the U-P segments of the cycle before and after 
the T rest precisely on a liorixontal line. Siime this condition is not 
Ausual, AA'e often incasiu'e the apparent areas of Iaa'o T AA'aA'es, the base 
of one AA'hicli is slightly above, and the base of the other, slightly beloAA', 
a horizontal millimeter line. The estimate for the one T may, for 


example, be 5.3 units; for the other, 7.2 imits. If the base of one T is 
apparently just as much beloAv the base line as the other is aboA^e, A\e 
Avill be close enough if Ave call the area 6.2 units. Differences 
or 0.5 unit in areas of this magnitude have a surprisingly small effect 
upon Amctor direction and an unimportant effect on A^ectoi size, n 
those eases in Avhieb the net area of QRS in Lead I oi in Lea 
(Avhieh are the leads Ave use) is nearly zero, and the areas ni tie ® 
lead are relatively, although not necessarily absolutely, laige, t e eu 
in estimating the direction of the QRS axis should not le 
One should, of course, make sure that standardization is ^ ^ 

if not, make the proper corrections. In recording tie ^ 

it is convenient to sot doivn, lor each o£ the too 
QRS area, the T area, and the algebraic sum of these tAAo 
QRS-T area on one horizontal line. The measurements fiom 


lead are placed on the line beloAv. 

Once the net areas are estimated, they are 
directions of the vectors. For this purpose 


used to ascertain the 
the chart devised by 
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Dieuaide was used. For estimation of tlie manifest areas or magni- 
tudes of' the vectors, a .simple schema is given in Table . - c PP 

only to vectors derived from Leads I and III. 

. The directions of the vectors are first ascertained. The following 
axes are then taken as hnses, from one of which the axis in question 
will deviate by 30° or less : 0°, +60°, +120°, +180°, -120°, -60°. 

(a) When the net areas in Lead I and III are both positive or both 
negative, they are added, and the sum is increased by the following 
percentages, depending upon the number of degrees of deviation of the 
axis as ascertained from the nearest lase, as described in the previous 
paragraph. 

Table I 


NUMBER OF DEGREES BETWEEN BASIC 
AXIS AND OBSERVED AXIS 

PERCENTAGE INCREASE IN PROJECTED 
VECTOR LENGTH, TO GIVE THE 
MANIFEST VALUE 

30 . 1 

25.4 

29 

14.3 - 

28 

13.3 

27 

12.3 

26 1 

11.3 

25 1 

10.4 

23 

8.6 

20 

C.3 

17.5 

4,8 

15 

3.6 

10 

1.5 

5 

0.4 

0 

0 


For example, if the net QRS areas are of the same sign in both Leads 
I and III, they are added. Let us suppose their sum is +7.6 units. We 
will further suppose that the electrical axis of the QRS is +75°. Now 
l5° deviates by 15° from the nearest one of the basic axes given above. 


Hence we add (Table I) 3.6 per cent of 7.6 units to obtain the manifest 
value of the mean QRS vector. This value is, therefore, 7.8836 units, 
01 , in loiind numbers, i.9 units in magnitude. If desired, the figure 
7.8836 can be multiplied by 4, giving 31.6 m.v.s. Since the error in 
measurement is necessarily rather large, it is quite meaningless to em- 
ploy more than one figure after the deeimal place; and, when multi- 
plied by 4, the nearest m.v.s. in value i.s usually close enough, 

(b) When the net area in one lead (I or III) is positive and in the 
other lead (III or I) is negative, the two are not added, but the value 
of the largest net area (neglecting its sign) is increased .just as in 
ease (a). Suppose that the net area in Lead I is +10 and that, in Lead 
111, It IS -8. The direction is then -20°. This deviates by 20° from 0° 
the nearest of the basic axes, as we have called them. In this case the 
arger value, 10, is multiplied by 106.3 per cent of itself. The manifest 

in the table above, one can easily interpolate. ^ 
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3. THE NATURE OF THE MATERIAL USED 

The electrocardiograms used in this study were from 277 persons. 
The results, which are shown graphically in Fig. 2, were also supported 
by less careful measurement of about 200 additional electrocardiograms 
from patients without heart disease. About 50 of the 277 electrocardio- 
grams were from medical students and other normal subjects. The 
remainder were from patients who, .judging from routine hospital ex- 
amination, were regarded as having no heart disease. Thus it cannot 
be asserted that all of the patients, particularly the older ones, were 
without heart disease. A few of our divergent points in Fig. 2 may 
have come from patients of doubtful cardiac normality. It Avill be- 
come clear, however, that this possibility can have no influence what- 
ever on the correctness of our conclusions, particularly because some 
of the most discordant points in the figure were from normal controls. 
FeAV records from patients over 45 years of age are included. Most of 
the records were taken with the subject in the recumbent position, but 
a small number were seated, and one, discussed later, was standing. 
Electrocardiograms from patients with fever or thyrotoxicosis were 
excluded. In addition, init not reported in this paper, measurements 
of the electrocardiograms of several hundred patients with heart dis- 
ease were made. 

Over 200 electrocardiograms were selected at random. The remain- 
ing records were chosen because they showed extreme QFS axis devia- 
tions for apparently normal subjects. This explains the relatively 
large number of QFS axes below -tl0° and above -i-90°. The propor- 
tion shoAvn in the figure would not hold for a purely random sample. 

Dilferent records were I’ccorded by means of any one of four string 
galvanometers used by Cliarity Hospital or the medical school. The 
standardization was usually correct. When it was not, the appropriate 
correction was made, e.g., if 1 mV gave a deflection of 11 mm,, the size 
of tlie measured area was reduced by 9 per cent, or one-eleventh.. 


4. FACTORS INFLUENCING THE DIRECTION OF THE NORMAL 
VENTRICULAR GRADIENT 

(a) Rotation, of the Heart About Its Anteroposterior Axis— One at 
the most important of the factors which determine the diiection ® 
ventricular gradient is the position of the heart in t ® , 

reference to its rotation around its anteroposterior axis. i s 
be judged by a comparison of the gradient 
roentgenogram.® For purpose of definition, and 
established in the literature, we shall speak of c oc iwise i 
the anteroposterior axis as rotation to the right, and le re „„ are 

as rotation to the left, even though we reeopize la ^ 

iUogical. At this time, we cannot make a_ detailed 
relationship between the gradient and rotation to e rig 
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..e can make a fe^v general statements. The gradient of Ike veidicaky 
placed heart is relatively vertical, i.e., usually between +60 and +80^ . 
K is usually more vertical than is the apparent longitudinal anatomic 
axis of the ventricles. As we shall see, this lack of close correspond- 
ence between the anatomic and electrical axes is attributable to t ie 
usual rotation of the vertically placed heart about a longitudinal axis. 
In contrast, the gradient of the transversely placed heart lies nine i 
farther to the left than the gradient of the vertical heart, but, again, 
the correspondence between apparent anatomic axis and electrical axis 
is not usually precise, and for the same reason, llic gradient of the 
transverse heart is often more transverse than the anatomic axis. It. 
follows that the range in the direction of the gradient is greater than 
the range in the direction of the anatomic axis, and this ditferenee in 
range is even more pronounced in the ease of the QRS axis, nowever, 
these facts must not be taken to mean that the directions indicated by 
the mean electrical axes deviate greatly from their true directions as 
these are projected on the frontal plane. 

(b) Rotation of the Heart About a Lonfjitiidinal Axis . — As long ago 
as 1925, it was shown by Meek and Wilson*' that rotation of the heart 
about its long axis produced a marked effect upon the electrocardio- 
gram of the dog. In general, the effects found by them appear to be 
similar to the effects of rotation of the human heart. For purposes of 
definition, rotation of the . heart about its long axis in a clockwise 
direction as the heart is viewed from the apex will be referred to as 
clockwise rotation ; and rotation in the opposite direction will be dcsig- 
nated eountereloekwise rotation. Human hearts which are placed I’er- 
tieally in the thorax are known from anatomic studies usually to bo. 
rotated more or less in a clockwise direction, and the majority of such 
hearts show an S and no Q wave in Lead I, and a Q wave and a small 
or no S in Lead III, A QRS complex configuration of such a type, 
whether observed with a vertical or transverse heart, we shall regard 
as an example of clockwi.se rotation. In contrast, many transversely 
placed hearts, as compared with vertical hearts, are known to present 
a larger area of left ventricular surface when viewed from the front. 
The electrocardiogram in such eases typically shows a Q wave and no 
S wave in Lead I, and an S wave and no Q wave in Lead III. We shall 
regard sueh electrocardiograms as evidencing counterclockwise rota- 
tion. Other electrocardiograms, not quite tj^pieal of either type, do, 
. however, betray, fairly clearly, rotation in one direction or the other. 
Absence of a typical Q wave is the most frequent feature of this «-roup 
of records. Still other electrocardiograms can be placed in neither 
group or show characteristics of both groups, klost of these can be 
classified as examples of no rotation about a longitudinal axis. Some 
recorts show a Qj and an and an M complex in Load III This 
usually means counterclockwise rotation, although, when the middle 
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portion of the ]\I is shallow, the rotation may he slight or absent. Cer- 
tain other records .show an S wave in the three leads, but no Q waves ; 
or a Q wave in the three leads and no S waves. How these should be 
classified will be stated below. 




clockwise rotation. It will obsene 

above +60°, not one of the ^ . lay to the left of the QES 

QRS axis of the same heart, and all hi y gradients lie to 

axis. When the QRS axis is below -r60 , It 

the right, although a majority stil le normal heart 

may be stated that when the eleetrocar o tl^e Yentricu- 

shows clockwise rotation, unless thm I’O a ^ g^o ^.q 

lar gradient rarely lies more than 5 o / o 
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the left of the mean QlhS axis 
large iriajorilv of e 


Sinus iaeliyeardia was ])resont in tho 

■ ■ limit. 


eases^n which the gradients approaclied tlie 

xainjilcs 


large maiornv ui m , 

In contrast, the 87 points represented by solid circles arc examp cs 
3 f counterclockwise rotation, according to oiir criteria. In Ihij ca.scs. 
the gradient rarely lies more than 32° to the right, or more than Id 


These 


of 

the gradient 

to the left of the QRS axis. 

Jlore interesting arc the fifty-tlirec points indicated by a ilelta. 
are electrocardiographic exanipies of little or no rotation. \\ itli only 
two exceptions, their gradients lie within a narrow band, ranging lioni 
5° to the right, to 17° to the left, of the axis. The narrow range 
of deviation between the gradient and the mean QU>S axis, amounting 
to only 22°, is, we believe, of considerable signiticanec, particularly 
when we recall that not all of these hearts can bo regarded as being 
strictly nonrotated. This observation suggests that, with fen exci'ji- 
tions, the gradient and the mean QKS axis hear a close relation to each 
other in normal hearts, hhirthcrmoro, this fact, together with the 
ranges for the rotated hearts, strongly suggests that the elect rocardio- 
graphic criteria for rotation arc fairly reliable, although more remains 
to be done in establishing the kind of rotation in certain eleelroeardio- 
gram tjqies. In unpublished .studio.s, using a difl’ereiit approach. Dr, 
Manuel Gardberg and one of n.s arrived at precisely the latter con- 
clusion. It must he repeated here that this conclusion is ipiitc inde- 
pendent of the further question as to whether or not the dir(!clions of 
the axes, as recorded, are their true directions. 

There remain on the chart eleven points indicated by squares, and 
seven indicated by inverted deltas. The squares represent records in 
which there was an S wave in all three loads, will) little or no Q wave 
in any lead, and Avilh R. higlier tlian R,. The distribution of the imints 
suggests that these hearts arc relatively unrolaied, or .slightly rotated 
in a clockwise direction, although another inteiqiretalion is possible. 
The inverted deltas represent electrocardiograms that showed a Q. and 
no S, in each of the three leads. Tlie distribution of the ])oinfs .sug- 
gests cloclovi.se rotation. 

There are 9 points for hearts rotated in a cloclovisc fashion whose 
gradients lie much farther to the left of their QRS axes than 3.1'^. 
The five iuslancas with a QRS axis of more tlian 90° arc electro- 
cardiographic examples of extreme clockwise rotation. Tlie signifi- 
cance of their po.sition is taken up in the diseu.s.sion. 

In 1937, A.shman and Hidden'' pnblislied a paper on rightward de- 
lation of the T-wavc axis as an index of. myocardial disease. Rio-lp. 
war deviation of the T Avave i.s, of course, usually ossoeialcd Avilli 
snnilar deviation of tho ventriculuv gradient. It is interesting to find 

Jth the limits of deviation of the gi-adient relative to Uie QRS axis 
as reported herein. In that .study it was tacitly assumed that hvner’ 
tvoph, of fto ,0ft veurice, .suflioio,., o.o T 
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to the right, signified disease. That point of view is debatable. In any 
event, such hypertrophy is not normal, and disease is potential if not 
present._ For reasons which will be taken up in the second paper of 
this series, abnormality of the gradient should prove a much more 
reliable and consistent indication of disease than the T-wave amplitude 
or direction. 


Bayley, Holoubek and Baker® concluded, from measurements of the 
gradients of 100 normal hearts, that, in patients with normal QRS 
complexes, the gradient should not lie more thaii 24° to the right of the 
QRS axis, nor more than 35° to the left of it. We have extended the 
total range as given by them, but, at the same time, we have narrowed 
it by suggesting separate nari-ower ranges for hearts differently ro- 
tated on their long axes. 

In a later paper ive shall consider the effects of disease on the gra- 
dients and the means of making proper correlations hetween the gradi- 
ent and the QRS axis. For the present it may simply be pointed out 
tliat nonrotated hearts have gradients which range onlj^ slight^ to 
either side of the QRS axis; that the gradients of clockwise rotated 
hearts range farther to the left, and that there is some correlation be- 
tween the elcetroeardiographic evidence of degree of rotation and 
degree of deviation between the Iavo axes; and that the gradients of 
the counterclockwise rotated hearts range to the right of the gradients 
of nonrotated hearts. 

It is important to note that the relation between the QRS axis and 
the gradient, as outlined above, is valid only for hearts in which there 
is no defect or anomaly in intraventricular conduction. When the 
mean QRS axis changes as a result of such factors, the gradient, pro- 
viding there is no myocardial change, remains unaffected, both in mag- 
nitude and direction. 


(c) notation of the Heart About Its Transverse Anatomic Axis. It 
is well known that the longitudinal anatomic axis of the heart not 
only points downward and to the left, but is also directed foiward 
to a greater or lesser extent. In persons with short anteroposterior 
thoracic diameters, the heart must be relatively vertical. Such a heait 
may be regarded as one, the apex of which is swung dorvnward oi the 
base upward. When the anteroposterior diameter is large, ^ ^ ^ ® 
openings are likely to be farther behind the anterior chest va , m 
apex can be regarded as having swung forward and upwaic . e la 
not yet made a systematic study of the effect of this rotation 
electrocardiogram, but there is good reason to suppose, as ^ 
point out in the discussion, that such rotation has its e ee in pr 

ing QRS vectors of different magnitudes and in caiismg unusu - 
grees of deviation betiveen the QRS axis and the ven iieu ar 

(d) Posture . — In eighteen of a series of twenty-t n ee cases, 
of our own, and four from Seherf and Weissberg, a c iant,e 
cumbenej'- to the standing position caused the QRS axis o 
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the right. In five cases there Avas either no change or a slight sl.ift to 
the left The ventricular gradient shitted to the right in o1o\en ^ ' 

tAventy-three eases, and to the left in twelve cases. AVithout, exee)>tion 
the size of the gradient Avas diminished. In ten easc.s the m/.c of t i 
QIIS vector was increased and in thirteen cases it. Avas dnninis lec )A 

standing. ^ r . ^ 

(e) Heart Rate and (he Diredion of (he Gradicnf.—hi too large a 

number of cases for it to be accidental, avc have observed a lettAvaia 
shift of the gradient, relative to the QKS axis, witli sinu.s or suin-a- 
A’entricular paroxy.smal tachycardia. The reason for this shilt is o >- 
sciire, although it is correlated Avith depression of the S-'l’ segment in 
Lead III, and it may be related to a change in cardiac jiosition during 
.systole. Its extent is not groat, as a rule. The four points in h’lg. 2 
Avhich represent QHS axes of le.ss than 00°, and gradients Avell to the 
left of the QIIS, are from persons Avilh sinus tachycardia, except one, 
Avho had paroxysmal tachycardia. Tlie majority of tin; persons with 
slightly lesser gradient deviation also had vapid hearl.s. 

That it is not the tachycardia itself, hut a cliange as.soeialed u'ifh 
tachycardia under some, Init not under all, conditions that causes a 
leftAvard shift of the gradient Avas .shown by a study of six person.s to 
Avhom amyl nitrite Avas administered. Tlie increase in heart rate aver- 
aged 35 beats a minute, and ranged from 23 to 55 heals. In one jicrson 
the gradient appeared to sAving 8° to the right, but this eToct. Avas illu- 
sory, and Avas clearly caused by sloAving of ibe hoarl, betAveen the 
taking of Leads I and HI. In three others, also, the direction wa.s 
essentially nnelianged. In tlic otlicr lAvo jicrsons, an ap])arciitly .sig- 
nificant change was clearly I'olatcd to a change in respiratory level. 
Although the number of easc.s is .small, it can be stated that accelera- 
tion of the heart brought about by amyl nitrite inlmlation lias little, 
if any effect upon gradient direction in recumbent, normal subjects, 

5. ni.sx’us.srox of ni:.sui,T.s 

(a) The Significance of the liclaiion Between Rotation on the Heart's 

Long Axis and the Angle Between the QRS Axis and the Gradient. We 

have noted that the gradients of hearts which are rotated cloclcwisc 
around an axis Avhich is close to tlie long anatomic axis point to the 
right of the anatomic axis, hut to the left of the QKS axis. On the 
other hand, Avhen the heart is rotated coimterclockAvisc tlie gradient 

longitudinal anatomic axis, but to the right of 
the QRS a^s. These rclation.ship.s arc so consistent that they can mean 
only one thing, as reference to Fig. 3 mil show. The longitudinal axi.s 
0 rotation points somewhat fonvard, doAvnward, and to tlio left a.s 
anatomic considerations suggest. The gradient axis points less far for 
IU..S behind the longiindinal axis of notalfon. “ce vtn 
there is eloclnvise rotation of the heart, the lip of llie amdienr' • 

.0 the ri,ht, and vice veesa. The QKS axis.^" 
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gradient, so that, on clockwise rotation o£ the heart, it i^oints farther 
to the right than does tlie gradient, and, consequently, the gradient 
points to the left of the QRS axis. On eountereloekwise rotation of 
the heart the reverse changes occur. The QRS axis swings farther to 
the left than the gradient, so that the latter now points to the right of 
the QRS axis. We have already given our criteria for rotation of the 
heait on its long axis. We have checked the criteria against a con- 
siderable number of roentgenograms and electrocardiograms in Mas- 
tei s veiy useful boolc® and by means of a few fluoroscopic examina- 
tions; the comsistency of the relation is very good. A later paper will 
deal in detail with the relation of the electrical axes to the anatomic axis. 





CPig. 3. — H represents a longituOinal axis of 
Knulient, here rejiresentcil as shorter than H. (Since H 

length comparable to the length of G and Aqrs). QRS is the mean axis of the QRS 
complex (SAons), and in absolute length in our model (tliough not as piojected) ^^as 
about 85 per cent as long as SC. , . , mi 

The actual angle betu-een H and G has not yet 
fore, the angle shown by the moclei, 35 , is merely foi illustratne purposes. 

The effect of changes in position, and of rotation about won the angles ^n be 
mathematically ascertained. The diagrams, l»owever, aie taken fi om the ^mdow ot 
tlie model, projected upon a 'white screen representing the frontal plane. p 

of the paper of this page is the frontal plane. , . , , • „ 

A represents a moderately vertical heart, at 

tion (see text). The alpha angles of G- and QRS coriespond loughlj P 

tlie upper right corner of Pig. 2. . rno 

B is the same heart, rotated niarkedly counterclockwise. This aw 
first case discussed in section 5 c, althougli that 

and the rotation, though unusual for the heart position, not quite s o .ffppf- 

O shows the same heart, -with the apex pusiied posftion hardly 

upon the length of the vectors and upon the size of the angles, ims posiiion udi 

ever occurs in normal chests. , . , ^ ,•= 

D shows a very vertical heart, '"’ith only slight clockwise ro^^on. ^jKore- 

pushed back. The anatomic axis (not slwyn) ims less effect on the 

shortening has greatly reduced the manifest area of corresponds to this 

gradient, which lies in front of QRS. No point in Fig. 2 quite coriespoiius 
position. The QRS axis is at +100°, and the gradient at +ju . 
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(b') The Size of the Anglo Bettoccn the QBS Axis and the Gradxoni.-- 
This question Avill l^e considered in a later paper. Since rotation ol 
the heart ndiich we have designated clockwise or counterclockwise is 
about an axis which is possibly not identical with the longitudinal ana- 
tomic axis of tlie heart, the problem in question can be solved only 
after this axis of rotation has been considered. The rotation is not 
about the QES axis, nor about the gradient. It can be said, 
that the angle between the QES and QRS-T axis is ap]iroxiina1e .i -i 
to 35°, on the average. 

(c) Disctission of Exceptional Cases.~\Yc may anticipate the hEcr 
report in order to discuss a few of the cases represented by poinis in big. 
2. Reference to the diagrams in Pig. 3 shows that rather modoralc lot.i- 
tion of the heart about a longitudinal axis will enable us to explain the 
rotations in the usual ranges, as they have been given. In Uvo ol the 
unusual eases fluoroscopic examination ivas done. One is .shown lAvice 
in Pig. 2; the measurements from tivo separate eleclroeardiograms, 
taken at different times, are given. The points are those at a QES axi.s 
of 44° and a QRS-T of 4-35°, and at 48° (QES) and 450° (QES-T). 
The person Avas a healthy medical student of sthenic habitus, tending 
toward hypersthenic, Avhosc record showed the same peculiarities a 
year previously. His thorax ivas not abnormal in form and the heart 
was of normal size and in about the average position for his build. 
The pulmonary conus .showed no prominence. Lateral and oblique 
vieivs .showed no peculiarities. His blood prc.ssure was normal. TTis 
electrocardiogram, to be published in the second paper of this series, 
revealed a low Tj, a inuch higher T,,, and “left axis deviation." The 
Avaves R., and S- Avere of normal amplitude and the net ))ianife.st area 
of the QES complex Avas 5.1 units (see section 3), in contrast Avith the 
average area for males of 6.7 units. There AVas, therefore, no electro- 
cardiographic suggestion of hjqAcrtrophy. According to A.shman and 
Hidden’s® Avork, the ratio T,/3'., Avas abnormal. Yet, to explain this 
unusual observation, all we need to assume is that the heart Avas ro- 
tated about 10° or 15° moi'e in a countereloekAvise direction than is 
common for a heart in this position. Tlie angle betAveen the QES and 
the gradient for his second point (referred to in Pig. 2) is 4-2°. This 
angle is rather large, but may be explained cither as the result of fore- 
shortening caused by projection on the frontal plane, or to a real, 
although slight and unu,sual, deAuation betAveen the axes. On standijm' 
up, this subject’s axes became 30° (QES) and 43° (QRS-T), Avhich is a 
common relation. A very .slight change in the position of the heart 
can account for the differences in the tAvo records Avhich Averc tak'en in 
the supine position, but a 10 or 20° rotation clockAvise around a loim 

rdsWim flifference between recumbency 

The other atypical record from a patient avIio has been examined 
fluoroseopically is the point in Pig. 2 at 4-109° and 455°. In case 
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the person was seated. As in the other case, we are indebted to Dr. 
James L. Gouanx for the fluoroscopic examination, which we witnessed. 
The person, employed by the hospital, is a healthy, young, colored 
nmman of slender build. The anteroposterior diameter of her thorax 
is distinctly small, although there is no deformity. In the antero- 
posterior view the heart appeared somewhat enlarged, with a slight 
convexity of the pulmonary conus region, and not vertical. The angle 
between the horizontal and a line draAcn from the angle between vena 
cava and auricle to apex was about 50°. Oblique and lateral views 
demonstrated that there was no actual eai-diac enlargement. The net 
manifest area of the QlhS complex was 3.1 units, in contrast with an 
average for women of .5..0. lYlien (lie electrocardiogram was taken, 
the heart rate averaged 100/min. It showed rather marked “right 
axis deviation” and clockwise rotation. ’lYhcn, as in Fig. 2, we place 
the anatomic axis at 50°, push the a])ex back a few degrees to fit the 
flat chest, and rotate the heart clockAvise, Ave quite readily rei^roduce 
the record as observed, except that the gradient is about 15° too far 
to the left. But since, Avhen the heart rate is rapid, Ave often ob- 
serve a shift of neai-ly this order of magnitude, Ave may say that the 
fluoroscopic observations quite .satisfactorily fit the electrocardiogram. 
The QRS manifest area is small because of foreshortening of the QRS 
axis. 

The point at +114° (QRS) and +86° (QRS-T) Avas from a rather 
slender, flat-chested medical student AAdio Avas standing Avhen the record 
AAms made. In the recumbent position, the axes Avere at +86.5° and 
+75°. The manifest area of the QRS Avas 7.6 in both positions. In 
spite of the relative flatness of the chest, the/clockAAnse rotation of this 
subject’s heart prcA'entcd marked foreshortening of the QRS axis. 
Hence, as projected on the frontal plane, the area of QRS Avas not 
small, and the angle betAveen the QRS axis and gradient Avas not un- 
usually large. 

The point at 115° (QRS) and +15° (QRS-T) was from a tall, but 
heaA’^y-set and rather obese, man, about 35 years of age. His blood 
pressure was Amriable, sometimes going as high as 190 iaaiu. Hg, systolic. 
Hence, myocardial changes might be held responsible for the^ abnor- 
malities, but they can be explained Avithout that assumption. His eart 
rate Avas 115/min. Tavo other record.s, the last taken nineteen mon is 
later, showed no change. His electrocardiogram can be explained liy 
assuming a A'ery transverse heart, together Avith cloekAvise lo a ion, 
and a longitudinal axis of rotation Avhich almost paral e s le an erwr 
chest wall. This assumption AAmuld necessitate a A'-eiy sma ne aiea 
of the QRS, and, in fact, the area was only 1.4 units (the average is 
6.7), We can assume that here Ave ai’e dealing with a gia len 
is greatly deviated by the tachycardia, but this can pio uce on y a 
small part of the angle of 100° betAveen the tAvo axes. ^ ei 
only unusual feature of this electrocardiogram is eloc vAvise ro a ion, 
in the presence of a transverse heart. 



ashman ET AL. : NORMAL HUMAN AT^NTRICULAR GRADIENT. 


I. 


31 


The point marked S in Fig. 2 Avas from a case of pii monary c - 
holism.^ Both the QES and T wave, and, therefore the gradient, 
changes are those of marked elockivise rotation of the heart It is 
obAdonsly nnnecessary to invoke any cause o^er than rotation and 
tachycardia to explain the more characteristic electrocardiographic 
changes vdiich occur in this condition. 

The point marked + is from a case, in the literature, of a middle-aged 
subject Avho had an attack of coronary thrombosis and died soon after 
the electrocardiogram Avas recorded. The record Avas interpreted as 
being quite normal. Actually, by the criteria of Ashman and Hidden, 
it Avas borderline. As a result of our present study Ave ean say that 
the reeord Avas probably abnormal, for the QRS complexes revealed 
only a slight counterclockAvise rotation and the heart rate Avas moder- 
ate. The first of our normal subjects, discussed above, revealed fat- 
more marked rotation. 

Finally, three electrocardiograms Avere not included in the figure 
because their points fell far outside the range of the QRS axes shoAvn. 
One, a 48-year-old man, Avas typical of the group. He had a QRS axis 
at -90° and a gradient at +66°. Tlie manifest area of the QRS Avas 1.5 
units, and, of the QRS-T, 8.5 units. There Avas an S Avave, and no Q, 
in all three leads. Si had the same area as Rj, and S3 Avas larger than 
R3. Another subject, a slender medical student, complained of tachy- 
cardia. Examination revealed no eAddence of heart disease. His QRS 
axis Avas -96°, and its manifest area, 2.3 units. His gradient A\'as at 
+75° and Aims of normal size, taking into account the heart rate and 
small QRS area. On standing, his QRS .shifted to -107°, and the 
gradient to +51°, He has suffered from bronchial asthma. Records 
such as these can also be explained but AA’ill be reserved for a later paper. 

(b) The Significance of the Distrihiiiion of the Points in Fig, 3. We 

have Avithheld a consideration of the peculiar distribution of the points 
in Pig. 2 until the discussion in the foregoing section could give the 
reader a general idea of the causes of the normal deviations betAA^een 
the QRS and QRS-T axes. It aaTII be noted that the farther to the left 
the QRS axis lies, the le,ss far is the gradient likely to lie to the left of 
the QRS axis. We interpret this simply to mean that relatively trans- 
A^erse hearts, for anatomic reasons, are not likely to be rotated far in a 
cloeku’ise manner. Similarly, the farther to the right the QES axis 
hes, the less likely is the gradient to lie to the right of the QRS axis 
This evidently means that relatively vertical hearts, for anatomic rea- 
soiis, are not often rotated much in a counterclockAvise fashion. The 
dotted lines in Pig. 2 show the usual ranges, but points outside these 
langes do not necessarily indicate disease. 

6. APPLICATION TO ELECTROCARDIOGRAPHIC INTERPRETATION 

In general, it may be said that a greater than nm'inol • +• 
between the QES and QES-T axes, tor the and degree of itgitodT 



32 


AJIKRICAN HEART JOURNAL, 


nal rotat.ioii slu)\vn by tlie form of llie QRS complexes, and not explain- 
able as a result of foresborteniiif?, or by a change m QRS size, as in 
bundle branch block or venlriciilar hypertrophy, is to be regarded as 
indicating mjocardial change. It is true that the empirically arrived 
at criteria now in nse are capable, in expert hands, of revealing disease 
in most instances, but a comparison of current texts shows quite clearly 
that uniformity in interpretation has by no means been achieved. The 
need for a more systematic and moi-e rational procedure is obvious. 
The second paper in this series deals with the other aspect of the 
gradient, namely, its magnitude. When both the direction and mag- 
nitude of the gradient and their relation to the position of the heart in 
the thorax are con.sidered, more accurate electrocardiographic interpre- 
tation should become possible. 


SUMMARY AND CONCLU.SIOXS 

The nature of the ventricular gradient is explained. It is the funda- 
mental quantity in electrocardiography. Upon its magnitude and di- 
rection, in conjunction with the QRS vector, depend the size and direc- 
tion of the T wave. Failure to appreciate this fact has tended to 
thwart efforts to define the normal and abnormal electrocardiogram by 
empirical methods. 

A method of estimating the size and the direction of the QRS and 
QRS-T vectors is described. 

The more important normal factors which determine the direction of 
the gradient, as projected on the fi’ontal plane, ai’e described and dis- 
cussed ; this was based on a detailed study of the electrocardiograms 
of 277 subjects, together v'ith less detailed observation of over 200 
other subjects. 

The normal relation between the QRS-T and QRS vector directions 
is given and discussed. 

A few exceptional individual cases are singled out for special dis- 
cussion. These serve as an introduction to a later, detailed analysis 
of the relations between the electrical and anatomic axes, based upon 
roentgenographie, fluoroscopic, and electrocardiographic study. 

Although the implications of our results are .suggestive, our observa- 
tions neither affirm nor denj’- the importance of tissues of 
electrical conductivity in contact Avith the heart. To prevent misun 
standing, we do not assert that the directions of the yectois ^ 
in this and in the two folloiving papers are their true | 
three-dimensional space. We do, hoAvever, helieA’'e t ia^ e 
stresses the fundamental importance of vector .1 1 

of electrocardiographic problem.s. Wehelievm, furt ei, la^ 
will go far to abate the existing chaos in electioeai piparlv 

pretation, a condition Avhich a comparison of curren ex s 
reveals. 

We wish to thank Dr. E. H. Bayley for a valuable critical review of t le manu 
script of this paper. 
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ON NOTATION 


R H. Bayley. M.l). 

Let the Einthoven triangle be replaced by its more 
the triaxial reference system formed by translahng the sides of *1 angle n 
such a ivay that the midpoints of the sides coincide at a common ^ J 

0 (see Pig 4). The lengths of the three references axes are immaterial, and 



OP = area under ORS, 

Fig:. 4. 

axes now divide the frontal plane, ELP, of the body into sextants. Each of the 
three reference axes, RL, RF, and LF, has a positive and negative half, separated 
by the origin 0. Let the manifest mean axes be denoted as follows: 

Ap = manifest mean axis of P, 

Aqns = manifest mean axis of QRS, 

A.I = manifest mean axis of T, 

AqiiST = manifest mean axis of QEST. 

Hero, tlie letter A indicates that the quantities are determined by the areas 
under the curves of the electrocardiographic deflections, and the arrowhead indi- 
cates that the quantities are vectors. Since the manifest mean axis of QEST is 
also known as the (ventricular) gradient, ive have the identities Agnsj and 6. 
The motion of these axes is restricted to the frontal plane, RLF. The spacial 
mean axes, of which the aforesaid axes are projections, generally differ in both 
magnitude and direction from the manifest mean axes. Therefore, it is suggested 

that the spacial axes be denoted by prefixing the letter S to the foregoing symbols 
Thus, o o u 

SAp = spacial mean axis of P, ■ - 

SAqns = spaeial mean axis of QRS, ■ ' : 

SAt = spacial mean axis of T, and 

S6 = spacial mean axis of QEST or, spacial gradient. 
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Then, according to custom, the magnitudes of the axes (spacial and manifest) 
are SAp, SAqp.s, SA^, SG, and Ap, Aq^s, At, G, respectively. 

The angle made by any tivo lines radiating outward from the origin 0 (which 
designates a common origin for all of the above mentioned vectors) is called a 
polar angle, and, according to custom, is indicated by writing in brackets the two 
lines by which the angle is formed. Thus, for the polar angle (1) in the figure, 
made by Aqp.s and AgnsT, we have the angle (A^pg, Aqpst)- In a Uke manner the 
polar angle made by At and the negative half of the Lead I reference axis ( = —EL) 
is the angle (At, -EL). A polar angle may be positive or negative; the sense is 
determined by the direction, counter-clockwise or clockwise, of measurement. "Wlien 
vectors or when polar angles are positive, it is customary to omit the posith'e sign. 
Thus, in the figure, the angle (EL, Aokst) = - 45 % the angle (EL, -LF) = 60°, 
the angle (A^p..., Aq,.sx) = -12°, the angle (Aqrst, Aqp.s) = 12°, etc. 

The positive reference axis of Lead I ( = EL) is customarily taken as the gen- 
eral reference line from wliich all polar angles are measured, unless otherwise indi- 
cated (as in the aforecited instances). Thus A^pg lies at -32°, and At lies at -75°, 
or at 285°, or, less specifically, in that half of the fifth sextant adjacent to the 
sixth. 

The position of any of the spacial mean axes is not defined sufficiently by the 
position in ELF of the manifest mean axes. Hence, according to widely accepted 
standards for dealing with like situations, the polar angle made by a spacial mean 
axis and its related manifest mean axis is described as positive or negative ac- 
cording to whether the shortest motion through which the spacial axis appears 
rotated out of the frontal plane is counterclockwise or clockwise to an observer 
stationed at the patient’s left. Thus, SA<jps and S6 (as described in the foregoing 
article) lie as if rotated through positive polar angles with respect to the frontal 
plane; the angle (S.Agp.s. Agpg) is greater than the angle (SG, 6). 

The magnitude of a manifest mean axis is always equal to the product of the 
magnitude of its related spacial mean axis by the cosine of the angle made by the 
spacial mean axis and its projection upon the frontal plane. For example, 

G = SG cos(SG,G). 

In a like manner, the areas under the curve of the extremity lead electrocardio- 
grams are always equal to the product of the magnitude of the related mean axis 
(spacial or manifest) by the cosine of the angle made by the limb of the triaxial 
reference system on which the area is plotted and the magnitude of the mean axis 
considered. For example, 

Area QRS, = Aqns cos(±EL, Ages)- 

Using the notation herein suggested, the manifest mean axes have the impor- 
tant relation, 

G — -■^gns ^ Ax, 


Ax — "AqiiS T U, 

where the vectors on the right-hand side of these expressions are added by the 
parallelogram law of adding forces. The negative sign before the vector I 

merely indicates a reversed direction in space. Thus, Ax is the direc ® 

(outward from O) of a parallelogram of which -Agns and 6 form two si es. 

Finallv, the axis of cardiac rotation, fi, with origin at O, usua j ma 'es 
tive polar angle with respect to ELF. When it is desired to desenbe P°sitio 
of SA„, nnd 86 ^rilh ropeot to S the oomal pos.Mo, (“J' 
going article) are such that the polar angles (H, S- gEs) v > 
positive with respect to as ffiewed by an observer stationed at ^ 
left. In the frontal plane, left axis deviation becomes posi ive TOPor, axis 

and right axis de\'iation becomes negative mean axis rotation. apviation 

deviates awav from the normal in both magnitude^ and ^ irec lon^ -noTmal 

may be referred to as a diversion. When a mean axis deviates owar 
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value of magnitude and direction, the deviation may be referred to as a reversion. 
If a mean axis alters its magnitude -without changing its direction, the alteration 
may be referred to as a growth or a decay, according to whether the magnitude 
increases or decreases. 
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THE N0E:^IAL HmiAN VENTRICULAR GRADIENT 

II. Factors Which Apfect Its ^Lvxtfest Are.4. axd Its Relationship 
TO THE 3L\NIFEST ArEA OF THE QRS CoHPLEX 

Richard Ashmax, Ph.D., and Ed\nhx Btek, A.B. 

New Orleax.s, La. 


TN THE precedino: paper of this series^ we gave an explanation of the 
1 way in which the ventricular gradient of Wilson, Wacleod, and 
Barker* is estimated, with respect both to its manifest magnitude and 
direction, without, of course, giring its fundamental cause, for that is 
still unknown. V e considered in some detail the relationship between 
the directions of the ventricular gradient and the QRS axis, and cer- 
tain of the factors which affect that relationship. The influences which 
modify the magnitude of the gradient were considered in that paper 
only to the extent that Avas necessary to explain the magnitude of the 
angle lying betAveen the tAvo axes. This paper deals AA-ith the factors 
AA-hich affect the manifest area or magnitude of the gradient, and, 
incidentally, the size of the QRS A'ector. Of necessity, therefore, it 
deals AA-ith the factors AA'hieh affect the magnitude and direction of the 
T Avave of the electrocardiogram. 

In order to avoid cumbersome A-erbal repetition, we shall employ 
certain of the SA-mbols suggested by Dr. R. H. Bayley in his Appendix 
to the preceding paper. Because certain other .symbols or usages are 
so firmlA- established, and a complete change would lead to confusion. 
Are have not adopted Dr. Bayley’s suggestions in toto. The symbols 
adopted are the folloAA-ing : 

G is the manifest area of the gradient, as projected upon the frontal 
plane. 

G is the gi’adient. considered as a A*ector, which has both magnitude 
(namely, manifest area) and direction, as projected upon the frontal 
plane. 

Aqe 5 is the manifest net area of the QjRS complex, as projected upon 


the frontal plane. 

Aqrs is the QRS vector, and refers to both the magnitude and direc- 
tion of QRS as projected upon the frontal plane. 

The letter S, Avhen placed before any of these symbols, makes the 
AA'hole symbol refer to the tine or absolute manifest area and/or ^ ec 
tion of the A'ector in three-dimensional space, and not as it is projec e 

upon the frontal plane. , . ,, 

All areas or magnitudes are expressed in units; each unit is one sma 
rectangle of the eleeti'oeardiogi’am, or four mierovolt-secon 
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1. THE EELATIOKSHir BETWEEN’ THE VENTltlCb’EAB HUAPIE-ST, 

QRS COJIPEKX, AN*I) THE T WAVE OE THE V.IA-.CTUOCAnOIOr.UAM 

The rclnlionsliip betwoou those nspccls or features of tlie ehn-tro- 
cardiogram has been discussed by Wilsou, Maeleod, aud Larkor.- lu 
the briefest possible mauuor avc shall attempt to make tins relntiouslup 
clear by means of a eouerete example. TiCt us talce any human eleetro- 
eardiogram and estimate tlic net QK« area aud the net T area in I.em 
I and also in Lead III. Let us suiijmse that the. net QHH area lu Lend 
I is +5 units (20 microvolt'Seconds). aud that the net 1 (iueludiug 
aiiy normal S-T segment shift) area in this lead is also -4 a units. The 
•f .signs indicfite that the larger detleeliou of the QHS and of the 1 is 
upright, or above the base line of the record, lu Lead 111, ne iiiaA 
assume that measurement gives us preei.sely the same tiunres. fn this 
ca.se, then, the electrical axis, by Kiuthoven’s triangle, of both the 
complex and the T wave would be •:t)b°. ^I'he gividicuf is obtained by 
taking the algebraic, .sum of the net areas of the QKS and T in encli 
lead. These QllS-T sums arc ---10 in Ijcail T aud -10 in Ticad HI, The 
direction of the gradient, as jirojoclcd ui>ou the frout.'d ])lano. is also 
+60° ill thi.s example, aud its magnitude is ohlaiued from tlie values in 
the two leads, as explained in the preceding pa]U‘r. Here, its value is 
20 units, or 80 microvolt -socond.s. 

Now Avc may aceclcrato thi.s heart hy administering amyl nitrite, and 
reduce the siac of the T waves to half their former values. AVe shall 
a.ssume that no change occurs in llic .size of the QKB com]dexe.s. The 
net QRS-T area in hotli leads, since the T waves are cut in half, is now 
+7.5 units. The direction of the gradient is still ••60°, Imwcver. AI- 
Ihongh the gradient ivas reduced only 25 per cent, from 20 units t<i 15, 
the T-wavc .size is reduced hy 50 per cent. With greater eavdiue ac- 
celeration, the T waves may lieeome low and diphasic, or isocice.trie, 
and possess no net areas. The areas of QTIS-T in both leads will now 
be +5 nnit.s, the gradient will lie at --OO^, as before, and its size ivill 
be 10. Purlhor cardiac acceleration may iin-ert the T wavo.s, so that 
the area in eacli of the two leads becomes -2.5 units. O'he idgelu-aic 
sums, +5.0 and -2.5, are now +2.5 units in each of the two lends (in 
Lead n, of course, it Avonld he --5.0 in thi.s ease) ; tlie gradient direction 
remains at +60°, aud its size is 5 units. As a final step, lot the gradient 
disappear. Tlie T ivave.s in all leads arc now op])o.si!e {lie Q1{S com- 
plexes ill average direction, aud crpial to tlie QKS oomidexes in area. 
Digitalis often has siih.staiitially this effect. 

Of course, as was sliown in the preceding paper, tlio, directions of tlie 
0Kb axis and of the gradient arc not nsnnlly identical, even as uro- 
tected on the frontal plane, and probably tliey arc rarely idem i, -a] in 
the normal heart, .since normally an angle of nhoiit, 30° .separates the 
.no™ QRS axta (SA,„„) the (SO), 

m three-dimensional space. • ' me loi.iKd 
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Local changes in the condition of the myocardium may change the 
direction of the gradient, and these may bring about abnormal changes 
ni the T waves. For example, we may have net QRS areas like those 
in the example chosen, and the net area of the T wave in Lead I may 
also be +5 units. ^ In Lead III, however, the net area of an inverted T 
wave may be -5, instead of +5 as in the first example. The figures from 
which gradient direction and size (G-) are ascertained become +10 in 
Lead I, as before, but 0 in Lead III. The direction of the gradient is, 
therefore, +30°, and its size is 11.5 units. A simple method of ascer- 
taining magnitude is given in the preceding paper. The QRS axis still 
lies at +60°. 


Both tlie mean QRS axis (Aqi^s) and the gradient (Gr) are vectors, 
for they have magnitude and direction. Given the magnitude and 


T axis 



Pig. 1. — In .4, tlie mean QRS axis (Aqh.s) is shown pointing to the left, forming an 
angle (angle cc of Einthoven) of about 5° with the horizontal, or the line of Lead I. 
The heart is rotated in a counterclockwise direction around a longitudinal axis, which 
is not illustrated. Consequently tlie gradient, G, as explained in the preceding paper, 
points to the riglit of Aqi!.s. Since tlie gradient, G. is the algebraic sum of the net 
areas of QRS and T. its manifest magnitude and direction, as projected on the 
frontal plane, as R. H. Bayley lias shown, can be derived from the QRS and T 
vectors by a construction giving, as in elementarj' pliysics, the resultant of two forces. 
Tills parallelogram of forces can obviously also be employed to find any one of the 
three vectors if tlie otlier two are known. In this example, taken from a healthy, 
recumbent, medical student, tlie manifest area of QRS (Agns) was 5 units, and, or 
G, 8 units. , 

Upon standing (B), because of rotation of the heart, mainly upon its long axis, 
Aqiis shrank to 3.5 units and its direction became +30°. At the same time, the dire^ 
tion of the gradient clianged slightly, but it was reduced in mimifest ma^itude from 
8.0 units to 2.3 units. As a consequence, as B of this figure shows, the T-w^e axis 
now pointed to the right, and became inverted in Lead I. The electrocardiogram 

C shows ^iie axes from a hypertensive patient. Her first reimrd showed the axes 
labelled QRS, (R, and T>. Since they are drawn to scale, it can b®. 
much larger than in the normal subject, although Aqks is still witliin possible ” rm 
limits, and G is not large. Three days later, tvith considerate acwleration of 
heart rate, but while still recumbent. Aqus was unchmiged, but the gradient, G, 
the T axis have shifted to G= and T=, respectively. The T wave m Lead I is now 

sharply inverted. The electrocardiogram is shoiyn in mg. 5. ^ eminent 

The T-wave changes in both cases are in reality caused by F.-I m^ftmitude" 

The axis of the T wave is forced to change when the gradient changes m g . 
as the parallelograms show. , , . „ a in 

D simply represents a more usual picture with occurs 

G in such a case will bring about the typical decrease T waves u o/ts, 

upon changing from the supine to the standing posture, often „iectro- 

and even of T-. as shown by G= and T=. Case 20, m Table III, and the eieciro 
cardiogram of Fig. 6 illustrate such an effect. 



ASnM.VNA5.-on«®: kobmai. nmi»N ™n™.cui.au 0KA..IBN'T, ... OT 

direction o{ Aqos and the .ncan T-tv,ivo. ..xis, 

,..as..itude o£ the gradic.t, ,.,s mieeicd ..J.o.. the 

easilj^ be obtained by constrnct.ion, as shown in I'lg. 1. 0 , . • . 

given any tw^o vectors, the otiicr may be aseevt tuned. 


2. THE MATEUIAE USED 

The materials employed were llic same as Ihosc used in llio jirceeding 
study, except that, in the constrneiion of llic figures, data on .silling or 
standing subjects were excluded. Sixty additional elect.rocardingrams 
from patients vitbout heart, disease have been added, bringing Ihe total 
to 270. All patients, even those without heart disease, were exelndod if 
thjTOtoxieosis or fever was present, for tliesc afiect the size of the 
gradient. 


3. 


THE aVVERAGE JEVGXrrUDE OE THE AIANn'i:,ST YllS'JTlinU.Alt 
(g) a\X:D AE\XirEST MEAN pU.S AXIS (a\qi:s1 


GRADir.NT 


In normal persoms’, mainly below the :ige of oO yetirs, the iivt-rtigi! nmg' 
nitude of G is about 13.0 units. The gradients of men are .slightly larger 
than those of ivomcn. This is the cx])lanation of the rejmrled difference 
in the height of the T waves of men and women. However, when the 
sex difference in heart rate is allowed for, this difference in the .size of 
the gradient becomes loss, although it is still present. Tachycardia is 
much more common in women, and hradyeardia in men. Of fifty sub- 
jects ivith heart rates of GO or less in our serie.s, nine were women. Of 
forty-one subjects with heart rates of 100 or more, only nine were 
men (Fig. 2.) 


In contrast to the effect of heart rate on the size of the gradient, as 
discussed later, is its elfect on the magnitude of AQ,ns. ^Vc arc con- 
vinced, from a study of the rapid and slow hearts of tiic same subjects, 
that cardiac acceleration slightly reduces the net area of the QUS com- 
plexes. But this relation docs not appear when the QKS areas of dif- 
ferent persons are plotted against lieart rate. TJiis does not mean that 
there is no elfect, but that it is mashed liy tlic other factors ivliich 


cause far greater changes. There is, however, a. sex difference in the 
size of QRS w'hich is not dependent upon heart rate. In women this 
magnitude average.? 5.9 units j and in men it averages G.7 units. On 
the whole, therefore, at ordinary JieaiT ralo.s, G (13.0 units) is just 
about double Aqjis (6.3 units). Nearly 100 subjects were averaged in 
each group, so that the differences are statistically reliable within 
about ±0.2 unit. In an earlier unpublished study, the QRS complex of 
women was found to be shorter than that of men, on the average, 
bince the units of QRS magnitude are time-potential units, a shorter 
duration, if the voltages are the same, would mean a smaller area and 
m this^sense, the magnitude is related to the smaller average size of 

reTff^nT ■’ "" 
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Fig. 2. — TIic relation between heart rate and the manife.st area of QRS-T Each 
figure indicates the number of suhject.s, the magnitudes of whose gradients were aver- 
aged to obtain the point on tiie graph. 



Fig. 3 — The relation between the manifest areas of Q^S CAgBsl an^d of QRS-T 
(G). Each point represents one subject. Deltas are^from suWeets vhose i gg/min ■ 
ranged from 40 to 59/min. ; .solid circles, from 60 ‘9/min., Xs. fr^ 80 to 99/mm^^ 

open circles, 110 to 119/min., and inverted deltas, from 160 to 200/mm. A J 
recumbent. 
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4. THE REEATIONSHIP OF HEART RATE, PO.STURE, AND OTHER I'ACTORR 
TO THE AIAGNITUDE OF THE AIANIFEST VENTRICUfjAR GRADIF.NT 


(a) A Comparison of Diffcrcnl Suhjccts.—As llic lioart i-ale inciTascs 
there is a progressive and apparently almost proportional fall in G. 
This is shown in Pig. 2. Since factors other than Iieart rat.e have a 
marked effect upon G, the range in G among different subjects at each 
heart rate is very great. For this reason, only the average manifest area 
(G) for men and wmmen is shown in the figure. The numbers beside 
each point indicate the number of individual cases wliich were averaged 
to obtain the value shown. As neai'ly as can be judged from the data, 
there is practically a straight line relationship between heart rate and 
G. At everj'' rate but one on the curve it will be observed that, the 
average value of G for men is slightly higher than that for women. If 
the gradient size were plotted against the cycle lengths, a curve would 
be obtained, with its concavity upward, wliich might be fitted fairly 
closely to an exponential formula, but much larger numbers of cases 
would be required to demonstrate a rmlid relationship. Examination 
of all of the data, only part of which is given in Fig. 3, shows that most 
of the very slow hearts had large values for Aqrs. As will be shown 
in the next section, this is the reason -why the point graphed for the 
twelve men in Pig. 2 appears to be out of line wuth the others. If a 
correction factor for Aqrs (manifest area of QJiS) were applied in 
each ease, in accordance with the relationship shown in Pig. 3, and the 
relationship between G and heart rate ivere then plotted, a smoother 
curve would probably be obtained. Observation indicates that the 
range in the size of the gradient at each heart rate would be some- 
what reduced. 


As explained in the first section, the effect of heart rate in reducing 
the size of the T wave is greater than its effect on the magnitude of 
the gradient (G). 

(b) Amyl Affn'te.—Amyl nitrite was administered to six male medi- 
cal students. The resulting increases in heart rate, decreases in size of 
gradient, and changes in the manifest mean area of the ORS fAf^T,A 
are shown in Table I. ^ 


Table I 


Effect op AjfYi, Nitrite 


SUBJECT 

NO. 

increase 

IN HEART 

rate, % 

Agns 

before 

AMYL N., 
IN UNITS 

Agns 

AFTER 

% 

CHANGE 

G BEFORE 
AMYL N., 
IN UNITS 

G AFTER 
AMYL N., 
IN UNITS 

% 

DECREASE 

A 

2 

3 

4 

5 

6 

32 

33 

34 

54 

57 

64 

' 8.1 
.9.3 

3.G 

3.5 

5.1 

6.5 

7.4 

9.3 

.3.8 

4.2 

4.0 

5.9 

- 8.6 

0 

+ 6.0 
+20.0 
-22.0 
- 9.2 

14.4 

10.7 

9.5 

10.3 

8.4 

16.0 

11.0 

8.9 

6.4 

7.6 

2.9 

6.3 

23 

15 

33 

25 

65 

61 
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It will be observed, from comparison of the second and last columns, 
that there is a very rough correlation between the percentage of de- 
crease in the inagnitnde of the gradient and the percentage of increase 
in the heart rate. It must not be forgotten that G, as recorded, is the 
magnitude of G, the projection of SG upon the frontal plane. As may 
be seen from inspection of the tliird figure of our first paper, under 
most, although not undei’ all, circumstances, a movement of the heart 
whicli results in a change, either an increase or a decrease, in Aqrs 
will be associated Avith a change in the same sense, although not of the 
same degree, in G. In three of these subjects, ehange.s, presumably in 
respiratoiy level, caused definite alterations in the direction of Aqrs. 
These Avere subjects 3, 4, and 5. In the other three, changes of this 
kind Avere negligible. Associated Avith the change in direction of 
SAqrs (see introduction) Avas a. cliange in Aqrs, AAdiich is the magni- 
tude as projected on tlie frontal plane. This etfect Avas most marked 
in subjects 4 and 5. In subjects 1 and 6, the slight, although measur- 
able, slirinkage or decay in Aqrs Avas, avc believe, mainly an effect of 
the increased heart rate. In subject 4, particularly, the rate effect Avas 
more than offset by the change in direction of SAqrs. The change in 
direction, therefore, both increased Aqrs in this case and also opposed 
the shrinkage in G due to an increase in heart rate. Hence, the ap- 
parent decrease in the latter is much less than the absolute decrease, 
namely, the decrease in SO. In case 5, Aqrs decreased because of a 
change in the position of the heart, and the same effect, acting on G, 
reduced it more than it Avould haA-e been reduced ly the rate change 
alone. Case 2 is slightly out of line, and the reason Avas that a sloAAung 
in heart rate from 120 to 100/min. occurred after amyl nitrite hetAveen 
the taking of Leads I and IH; this sloAving Avas greater than in the 
other cases. 

We maj^ estimate that, on the aA'erage, a 50 per cent increase in 
heart rate brings about a 39 per cent reduction in gradient magnitude. 
Fig. 2 shoAVS that men Aidiose average heart rate AA'^as 111 had gradients 
AA’'hieh aA'eraged about 32 pel’ cent smaller than men A\dth heart rates 
of 74, i.e., 50 per cent loAver rates, Avith the percentage based on the 
latter figure. The order of magnitude of the effects of induced and 
spontaneous rate change are, therefore, in fair agreement. 

As stated in the preceding paper, amyl nitrite produced no measur- 
able direct effect upon the directions of the A'-ectors. 

The effects on the gradient of a change in the position of the heart 
Avill be the subject of our third paper. Much additional evidence for 
the correctness of our interpretations Avill be found in that paper. 
If the examples cited above had been isolated instances of the phe- 
nomenon in question, Ave AAmuld not haAm discussed them. 

(e) The Valsalva Fa;pen’we?if.— Observations Avere also made on seven 
subjects, using the Valsalva maneuA'-er to accelerate the heart. The 
recumbent subject inhaled and then bleAv against the fluid in a Avater 
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manometer, maintaiiimg the level at ten or fifteen me e. 2 1 - 

for twenty seconds. Beeansc of the changing respiratory 1 _<a( s. t - 
results are not as satisfactory as those obtained with amyl ni n e,^ 
they show just as clearly the decrease in the magnitude of the gradient. 
In three sub.ieets, the gradient reverted to normal size within 1 iroe 01 
four beats after the beginning of the reflex slowing of the^hcart w 110 1 
followed release of air from tlic lungs. In one sub.ieet, 50 years old, 
with marked reflex slowing, the gradient was reduced still furthex foi 
the first beat or two at the low rate. In three sub.ieets.^ a slight, but 
measurable increase in G ap])earcd during the period ot^ .slower beat- 
ing, and in one of these the slowing ivas very slight. itli the begin- 
ning of the Valsalva experiment the changes arc progressive, and ap- 
parently keep pace Avith the acceleration of the heart. Immediately 
after the release of air there arc about five beats, often with further 
rate acceleration, before reflex slowing begins. These beats sometimes 
shoAv an apparent gradient iueroasc. and sometimes a decrease, but 
the re.sults are doubtful because of the shift in I’espiinlory level and 
the unknown effect on the electrical fields of excess air in the lungs. 

(d) Muscular Exercise . — The elTcet of exex'cise upon -Aqiis and G xvas 
studied in six sub.fects, two of Avhom were used twice, with difi’eroni 
procedures. In four experiments the sub.ieets were seated on a station- 
ary bicycle, and the records wex‘c taken before, and at .short, intervals 
beginning immediately after, exercise. Unfortunately the ergometer 
was not in operation, so that a measure of the work done was not ob- 
tained, but it was relatively small. In four other experiments the sub- 
ieets were recumbent when the i-ecords were taken, and the exi'reise, 
more severe in three eases, xvas standing imnuing with simultaneous 
arm moA-ements. To this grouji Ave have also added an excellent illus- 
tration fi'om a recent papei’ by Twiss and Soliolow.^ and have studied 
the example published by Barker. .Schrader, and Banzoni,' in Avhieh 
the exercise Avas more sti'cnuous. 

The results arc given in Table IT. In the seated sub.ieets, Avho exer- 
cised relatively lightly, there Avas an apparent relation between the 
percentage inci’ease in heart rate aixd pei-centage dcei'ease in G. Since 
the changes in the QBS magnitude Avere negligibly small, no ad.just- 
ment of the effects is necessary. In three recumbent subjects the mani- 
fest mean QRS area Avas reduced, and by about the same amount ; in 
one it Avas increased ; and in one there Avas no change, Avhieh is equiva- 
lent to a relative increase, for the di-omotropie effect of the sympathetic 
should slightly reduce ilcms- When the effect of exercise on the supine 
suboects IS comparrel with the effect of amyl nitrite, it is eA'ident that 

e decrease in G is relatively small in proportion to the increase in 
Heart rate; and Avhen correction is made for the decrease in the 
difference becomes even more striking. When Barker, Schrader" and 
IntWv" arc examined, this fact becomes yet more eiddent 

1 experiment, ni qnte of the severe exercise, and, in the nnpub- 
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Table H 

Effect of Exercise 


SUBJECT 

% 

INCREASE 
IN HEART 

RATE 

Aqns 

BEFORE 

EXERCISE 

Aqus 

AFTER 

EXERCISE 

% 

CHANGE 

G SIZE 

BEFORE 

EXERCISE 

1 

G SIZE 

AFTER 

EXERCISE 

% 

DECREASE 

Sitting 

1 

10 

6.6 

6.6 

0 

12.0 


12 

2 

31 1 

9.3 

9.0 

-3 

14.2 


25 

3 

31 

5.9 

5.8 

-2 

12.9 

■ESH 

23 

4 

39 

7.6 

7.4 

-3 

12.4 


41 


Eccinnhent 


5 

12 

3.6 

4.1 

+14 

9.5 

8.2 

13 

2 

28 

11.0 

9.9 

-15 

18.5 

11.1 

41 

4 

55 

9.2 

8.2 

-11 

16.2 

11.2 

31 

6 

56 

7.2 

7.2 

0 

15.4 

13.4 

13 

T&S 

S3 

5.1 

4.4 

-14 

17.2 

12.5 

27 


lislied record, in spite of the great increase in heart rate, the T waves 
were actually increased in amplitude immediately after exercise, al- 
though, as the heart slowed, they became reduced. This increase in the 
height of the T wave does not mean an increase in Gr, because the waves 
were much narrower, but it is at least evident that the increased rate 
during severe exercise produces a far smaller reduction in G than the 
same rates during sinus tachycardia at rest or after amyl nitrite. In 
this respect, severe exercise is like fever or thyi’otoxicosis. 


In our experiments no increase in the height of the T wave was 
observed. 

(e) Change in Posture.— In studying the effect of a change from the 
supine to the standing posture, we made use of four electrocardiograms 
published by Scherf and AVeissberg® (in their Fig. 5 we interchanged 
Leads III in h and c, on the assumption that they were reversed), and 
added 20 cases of our own. AYe found tliat the effects of standing, given 
in Table III, were precisely like those described by Scherf and AYeiss- 

berg, and by others.. _ . j • + 

To increase muscular relaxation, our standing subjects leaned agains 
a wall. Without exception, G was reduced in the standing, as com- 
pared with the supine, position. We are in complete accord with 
Scherf and AYeissberg’s® statements that the change is not e^ire ^ 
dependent upon heart rate changes. The form of the ^omplex 
suo-o-ested very slight clockwise rotation on standing in about half the 
::s and no^ppLiaWe change in .noat o£ the others^ ^ninvo or 
three eases, however, very slight countereloekwase station aiou„a he 
heart’s longitudinal axis of rotation was md.eated^ !i<*t on 

cases in which the mean QKS axis (Aq„s) deviated to the i g t 
standing the gradient also deviated to the right, but the extent of the 

de“da to of 0 was less than that of Aons. On the other hand, vd en 
acMaiion o leftward shift of G was usually greatei 

A,bs deviated to the left, « « ^ ^,^3 ^hat, in 

than the deviation of Aqrs (Gases 6, j-u, ±‘±, 
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tlie majority of cases, & shifted to tlie left relative to Aqrs ; the average 
delation -was just 10°. Clockwise rotation of the heart on a longitudinal 
axis would^ produce thi.s effect, but when Aqrs deviated to the left on 
standing, G should not have been deviated to the same extent if the 
effect is the result of rotation (section 5, preceding paper). "We may 
conclude, therefore, that the increase in heart rate, as pointed out in 
our first paper, may be one factor associated with, or perhaps causing, 
the relative leftward deviation of G. Clockwise rotation on the long 
axis is another factor. A third factor, associated with the standing 
posture itself, may possibly also have helped cause the relative left- 
ward de\iation of G, but there is no direct evidence for the existence 
of such a faetoi’. 

The magnitude, Aqrs, increased about as often as it decreased, and 
sometimes the change was within the limits of error in measurement. 
There was no particular correlation between the changes in the mag- 
nitude, Aqrs, and the changes in direction of Aqrs or in cardiac rota- 
tion. Nevertheless, in every ease, the observed changes are readily 
explained by assuming that, on standing, most hearts become slightly 
more vertical in the sense that the base moves a little farther from the 
spinal column and/or by assuming a slight cardiac rotation (in two or 
three cases it was more than slight), either clockvdse or counterclock- 
wise on a long axis. When the electrocardiogram indicated that clock- 
wise cardiac rotation had occurred, clockwise rotation proved to he 
required to explain the ehange.s, and irsually vice versa. Our third 
paper will deal more fully with this aspect of the question. 

!Mayerson and Davis' have .studied the effects of tilting table experi- 
ments upon the electroeardiogi’am. Their results were similar to ours 
and those of Seherf and Weis.sberg, although perhaps more exagger- 
ated. In general, Aqrs deviated to the right when the subject was 
raised from the supine to a nearly vertical position ; the gradients, as 
in our experiments, deviated either to the right or to the left, and were 
reduced in size. The authors emphasized the T-wave changes, which 
amounted to inversion of To and T. in some cases, and were accom- 
panied by depressions of S-To and S-T, exceeding 1 mm. in several 
instances. 

For the benefit of those who wish to see for themselves whether the 
relation between the change in Aqrs and G- (described under amyl 
nitrite) applies to the re.sults in the table, it is pointed out that, in 
subject 14, Aqrs .shifted from -96° to -107°, and simultaneomsly in- 
creased in magnitude. Visualizing this in terms of the spatial axes, 
namely, SAqrs and SG (Fig. 3 of the preceding paper), shows that, in 
this ijartieular subject, G should get .smaller, not larger, udth the in- 
crease in QKS area. The very large decrease in this subject’s gradient, 
associated with only a moderate increase in heai’t rate, agrees 
this conclusion. In subject 17, although the percentage change in Aqrs 
was large, the absolute change was small. This must also be considered. 
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(f) A Comvamon of iU Effeds of A.nyl f 
and Exercise.—T^Me W shows the oftcets of amyl nitn to, p • 
change, and cxereise upon the magnitude,^ G ^ 

quantitative expression of the relative magnitude oi the cfl ects )i on ht 
about by these factors, we have divided the average 
crease in G by the average percentage increase in heart latc t 
be seen that, in proportion to the increase in heart rate, ])oslural cl aive 
has a far greater effect than the other two procedures. Since tlieie 
are twenty cases in this group and fifteen (willi two . subject. s u.scf 
twice) in the other two groups combined, the observed difleroiices are 
undoubtedly significant. As explained above, our results also indicate 
that G is reduced more by amyl nitrite inhalation than by exercise, and 
this difference is the more striking when the supine, exercised subjects 
are considered. The difference did not appear in the seated, exerci.sed 
subjects. After allowance is made for the changes in Aquk, the difier- 
ence is still more obvious. Although the number of eases is small, our 
observations after exercise are, therefore, fully in a(;cord with those 
of others, who have reported an. actual increase in the lieiglil of tlie 
T waves during or immediately after exerci.se. 


T.vki.f. IV 


A CovPARisoK or Tiir. Effixt of Amyi, Xitiutf., Exiatcisi:, an'i> 
St.ixdixg POSTUr.F. OK G 


PROCEDUKE 

KUMBF.r. or 

KXPF.r.l,MF.KT.S 

I 

.\VEn.\OE 
PEKCEKTAOE 
iKCP.EASn IK 
HEART RATE 

11 

ATEr.AGr. 
TEnCEKTAOE 
RECREASE I.K 
GR,Vt)lr,KT SIZE 

v/l 

Amyl nitrite 

0 

45,7 

:iG.2 


Exercise, sitting 

4 

27.S 

25.2 


Exercise, supine 

5 

•tfi.S 

2.3.0 


All exercise 

9 

3S.S 

24.0 


Standing posture 

20 

2.3.0 

3G.5 



(g) Ingestion of Food . — It wa.s pointed out by Gardberg and Olsen'’ 
that the T wave became lower after meals in a majority, although not 
in all, normal subjects. The cliange began about an hour after eating 
and persisted for about two hours. The effect ranged from zero up to 
a 50 per cent reduction in T-wave height, which corresponds to approx- 
imately a 25 per cent decrease in gradient magnitude. The experi- 
ments were properly controlled and have been confirmed by us. AVc 
regard the possible effect of eating as the major uncontrolled r-ariable 
in our pre.sent observations. Fortunately, tlic majority of the hospital 
electrocardiograms were taken in the forenoon. 


4. THE RELATIONSHIP BETWEEN THE AIANIFEST AREA OF QUS 
AND THE AIANIFEST AREA OP QRS-T 

According to the interpretation given in Fig. 3 of our previous paper 
tie net area of QRS m all limb leads may equal zero if, by chance, the 
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spatial QRS vector (SAqrs) points, or appears to point, straight back- 
ward at right angles to the frontal plane. We have encountered no 
electrocardiogram which gave a manifest QRS value of zero, but in 
several cases the areas were extremely small; in one the manifest area 
was only 0.2 units, and Aqrs was apparently -60°. This was a hospital 
patient, 47 years old. He had a history which was compatible with, 
although not quite typical of, angina pectoris. He complained of 
dyspnea at night; his blood pressure was 124/84, and there were no 
signs of heart failure. His electrocardiogram was interpreted as being 
normal. His heart rate was 64/min. Avhen the record Avas taken; G 
Avas 10.7, Avhich is slightly small for the heart rate, but perfectly nor- 
mal, as Ave shall see, in proportion to his Aqrs. The direction of G 
Avas +69.5°. If A\m are right concerning the position of SAqrs, it is 
obAuous that his Aqrs could hardly haAm become smaller on standing. 
In fact, it increased to 2.7, and its direction became approximately 
-102°. The gradient, on the other hand, decreased to 2.1 units, and its 
direction (not very reliable in this case) shifted to +44°. These changes 
are readily explained if Ave assume that, on standing, the cardiac apex 
tilted toAAmrd the left and baclcAvard relative to the base (or the base 
tilted to the right and foinvard) only a feAv degrees; and that, simul- 
taneously, there Avas a very slight leftAvard shift of the gradient caused 
by the increase in heart rate from 64 to 75/min. or by the standing 
posture. Aside from the rather unusual character of the record, there 
Avas no electrocardiographic eAudence of heart disease. The patient 
Avas not subjected to exercise. 

We may iioav return to our main point. It should be clear from Pig. 
3 of the first paper that A\dien the area, Aqrs, is zero, the gradient, 
although foreshortened and relatively small, must still be of fair mag- 
nitude, as in the case just described. When the heart is in a more 
usual position, SG, Avhich noAV lies more nearly parallel to the frontal 
plane, should, on the aA’^erage (due account being taken of posture and 
heart rate) be xirojected upon that iilane as a larger G. G should 
achioAm its maximum normal magnitude A\dien the heart is in about the 
aA’’erage iiosition and rotated rather strongly in a clockAvise fashion. 
In this position, also, Aqrs should approach its greatest normal mag- 
nitude. The facts, as far as they haA'^e been iiiA^estigated, agree Aidth 
these expectations, jDartieularly AAuth respect to the magnitude, Aqrs. 
SomcAAdiat more A’^ertical, although not extremely A'^ertical, hearts aie 
also likely to liaAm large gradients, and this is also in line Avith expec- 
tation. The third paper, AAdiicIi Avill include roentgenographic and 
fluoroscopic CAddence, Avill treat this phase of our subject. 

Pig. 3 shoAA'^s the relationship betAveen Aqrs and G in supine subjects. 
The solid circles are from subjects Avhose heart rates ranged from 60 
to 79, inclusive. The patient di.scussed above, although doubtfully 
normal, is added on the figure. Although the vertical scattering of 
points on the graph is rather great, as might be expected, there is, 
nevertheless, a fair degree of correlation betAveen the magnitudes of 
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relation statisticallj^ for too many - - - ^ in 

Aqks, may affect the gradient. Yet. u'hcn heart lalo 
the recumbent subject, under basal conditions, these other 
ably have less influence than might be supposed, ihc 'ai gc 80 
to 99 is shouni l.y the points mai-hed x; the range 40 to 59, by deltas; 
the range 110 to 119, by open circles, and the range 160 to ^00, In tin. 
inverted deltas. To avoid further confusion of points, the ranges from 
100 to 109 and from 120 to 159 -were omitted, altbougli tliey .sliou-ed 
the same correlation. In general, however, the faster the rale,^ llie 
poorer the correlation between Aqur and G. This means, wc ])elie\e, 
that not all the sinus tachycardias selected Avcrc a conseiiucncc of the 
same causes, Avhatever those causes may have been. As Aqus ineroase.s 
beyond about 8.0 units, there is a tendency for the largest gradient 
values to reach a ceiling, so tliat, witli further increase of Aqi>r, further 
gradient growth cannot occur. And, as our study of al.ninrmal licarts 
shows, the gradient probably .shows no increase when Aqus is iiKU'cased 
by hypertrophy or intraventricular block beyond the limits shown in 
the figure (sec Case 12, Table III). 

Even though the scattering of points is great in Fig. fl, it docs sug- 
gest that, at each heart rate and Aqus value, there is a minimum value 
below which G is not likely to fall in normal hearts; and a few of the 
points may possibly be abnorinally high. For rates between GO and 79, 
for example, there seems to be a definite .sloping level below which the 
points rarely fall, and there are 101 points in that rale range. Gy 
extrapolation, wc may infer that the gi'adient would nearly disappear 
at a heart rate of about 240/min. 

The largest values of G were .shown by tbii'leen licnrl.s, all of whose 
G values lay in the range of 23.0 ± O.G units. This apparent coiling is 
probably a coincidence. No doubt an occasional grjulient will go higher. 
The upper limit of the normal value for Aqu.s may be placed at about 
11.0 or 12.0, although three licarf.s in 270 seemingly had larger values. 
None was above 12.6 units. The lowest presumably uormal Aqu.s value 
obsemdby us was in Ca.se 14 (Table Til), but tliore was a history of 
bronchial asthma. Nothing unusual was seen in the fluoroscopic exam- 
matioii, other than a very vertical heart. Aqus was -3.5 units wlicn ihe 
subject, a medical .student, was standing. Since the present paper was 
first drafted, another similar record wa.s obtained from a young phvsi- 

cmn concerning whose freedom from cardiac or pnbno'nai-v"'di.se.'ise 
there is no doubt. 

It must bo empliasized that the gradient values arc for recumbent 
subjects. The values of Aqus will apply to seated subjects as well. 

5. DISCUSSION OK INDIVIDUAU CASICS 

a ::: txi' t;™. 

preceding paper because of the peculiarity of the ciircetiok”S Ws axel'! 
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Whc.1 recmnbcnt, his Ions svas -ri*, ami ils 

His sradient was at +35« and ils inaiufosl, avca was 8.0 .m s. d u 
arked cotmtercloclnvisc rotation of Ids lieaiL m*is hk ic< ‘ . 

irm of Ids QRS complexes (Fig. 4). The degree of this ^ 

a normal heart, in a suh.iect of slhenie hahitns. 


e 

so. 


mar 
form 

tion is unusual for iv * - ^ . 

Upon standing, Aqus ivas +30°, and 6 was -t43 . At the san . 

Aqks decreased to 3.5 and C4 diminished to 2.3 units._ A very moderaK 
shift in the position of the heart would suffice to hriRg about all tlies( 
changes, except the marked reduction in 0. Fvidently, there was car- 
diac rotation in a clockwise direction, that, is, lessened count ercloek^ 
wise rotation, and this is also shown by the character of the 
changes. The position of the heart may have become slightly more 
vertical, as well. Both vectors, Aqus and G, were shortened. SO was 
shortened absolutely, as is tj^iical upon standing, big. 4 .shows the 
effect of these changes upon the T ivavcs. T, becomes inverted. In 
this subject, because of the slightly unusual cardiac rotation, the char- 
acteristically normal diminution of the gradient could jirodiicc no other 
electrocardiographic effect. After amyl nitrite (l‘''ig. 4), the net T area 
was again rendered negative in Lead 1 by de])ression of the S-T seg- 
ment, although the T wave proper, so-called, remained njiright. Quite 
incidentally, this observation .should demonstrate that not all S-T sog- 
ment shifts mean coronary disease or even tem]>orary ischemia, for a 
vasodilator drug was employed. This point was brought out by Scherf 
and Weis.sberg.'' Tlie changes in the form of the T waves which occur 
under these two conditions tend to show that the mechanism of the 
reduction in the size of the gradient brought about by the different 
procedures is not the same. Concerning this subject we can say, al- 
though not sei'iou-slj', that standing produced digit nlis-lilcc changes, 
and amyl nitrite caused effects like those often aseilbed to coronary 
insufficiency. It is evident that these differences deserve careful study, 
but inve.stigation by the usual type of empii’icnl observation may prove 
worse than useless. 

Pig. 5A shows the electrocardiogram of a 32-yeai--old woman whose 
arterial blood pressure was estimated at 270/150. Slie also had a 
goiter, and had had no digitalis. The first, electrocardiogram is fairly 
t^ical of long-standing hypertension and left ventricular hypertrophy. 
Aqus was 11.0 units in magnitude and its direction was 4-23°. G was 
17.2 units in magnitude, and its direction, 442°. The axis of QRS-T 
lay to the right of the QRS axis, as is typical of a heart wdiich is rotated 
counterclockwise (see preceding paper). The heart rate was 92/min. 
m Lead I. Three days later the electrocardiogram shorvn in Pig 5G 
was taken. The heart rate was 119/min. in Lead I. The QRS axis was 
vmchanged at +23°, and the axis of QRS-T was 448°. The ehmmc'is 
slight and the fact that the rate was .slower in Lead Hi than in Le'Jid I 

-7.2 to 9.2. On both occasions the patient was recumbent As shown 
m the dtagram ot Mg. 1. the inve«i„n ol T. i„ the seeo'l^'ve^l 
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almost \vholly the result of the reduction in G, wliich, in turn, may he 
almost fully accounted for by the increase in heart rate. Unfortu- 
nately, another record was not olitained, with reversion to a slower 
cardiac rate. We feel, however, that a classification of pictures of 
^ left ventricular strain” into various types which depend upon changes 
in such a labile abstraction as the T wave may be a precarious under- 
taking. However, when the cardiac rate is ivithin usual limits, changes 
in G, and, consequently, changes in the T wave, may prove to be of 
clinical significance. 



6. DISCUSSION 

The major problem Avhieh remains in electrocardiography is to dis- 
cover the fundamental cause of the electrical forces which produce the 
ventricular gradient. The data presented in this paper and in the pre- 
ceding one maj’' assist us in solving the xR’oblem by indicating an axi- 
propriate type of animal experimentation. Even though this funda- 
mental problem remains unsolved, it is, nevertheless, possible to attempt 
to explain the elfect of one of the normal factors which reduces the 
magnitude of the gradient, namely, the effect of heart rate. It shoul 
be recalled that amyl nitrite, which is said to have little effect on the 
minute cardiac output,® reduces the size of the gradient. Since the 
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heart is accelerated, the output per heat is reduced, and Ihis Dia> bo 
a factor. During strenuous cxfreisc, on the other liand. the output is 
increased to a greater extent tlian the rato,^” so that the output pei 
beat is increased-, yet the size of the gradient diniini.shes under the 
conditions of our experimont.s, but. it may apparently be little reduced 
or even increased Avhen the exertion is more severe.’' The standing 
posture slightly reduces cardiac output, at, least in many per.snns. and. 
even in the absence of rate change, output ])er beat and gradient mag- 
nitude are reduced. In unpublished ex])criments, illayer.son and Davis,'* 
by means of the roentgenkymograph, observed a decrease in the size 
of the heart and a reduced sti-oke volume in their vertically placed 
subjects. A comparison of the .several results indicates that at least 
two factors are -concerned. One is the heart rate; the other may be 
the cardiac output per beat. Since all the i)roeedures (unployed may 
he expected to bring aliout an augmentation of .sympathetic tone, it is 
unlikely that this is an important factor in causing the ejurin/i/fftiia./i/ 
different efTeets, and Nordonfclt" has shown that the ])Ostural effects 
persist after administration of ergotamine tartrate.'’ 'I'hat rotlex con- 
striction of the coronaries plays a part is highly improbable, for. in 
order to cause a significant restriction of the oxygen sni)ply to tin; 
heart muscle, an unphysiologic degree of const riel iooi would be re- 
fliiired. Tliis is di.seusscd by Scherf and AVeissberg.^ h’nrthormoi-e. 
it may safely be assumed tliat amyl nitrite causes coronary dilatation, 
yet the gradient is reduced. The only other important factor which 
is supposed to reduce the T wave.s, and. iherefoi-e, the size of the gra- 
dient, under the conditions of thc.se experiments, is a change in the 
contact of the heart with tissues, the electrical conductivity of wliich 
differs.'- It is unlikely that the elTecls of amyl nitrite can bo ascribed 
to such a cause; and this may also be true of the changes which occur 
during the A''aisalva exiieriment. Furlhennorc, the .standing ])ostnre 
increases the QKS area about as often as it reduces it, yet the gradient 
is regularly reduced. It is rcasonahio to .suppose that contacts between 
the heart and other thoracic structures .should affect the magnitude 
of the one vector as much as they affect the othci-, hut they are by no 
means equally modified. Alkalosis and acidosis' may be ruled out by 
the promptness of the changes due to iioslure, a point emjihasizcd by 
Alayerson and Davis." 

In the normally beating hcai-t, therefore, there arc two conditions 
ulueh are associated with a change in the magnitnde of the gradient. 

ue is the heart rate; the other is the output of blood per beat, or the 
stroke volume. It should be noted that we do not say that strolce 
volume causes the gradient; we say that, under many conditions, a 
avger strok'o volume is associated witli a larger gradient, and vice 

LTfil factors may, of course, modify the effects of these two, 

___^ir nature has not been demonstrated. 
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The effect of rate may be interpreted in the light of the following 
luipiiblished experiments. The ventricle of a turtle, at room tempera- 
ture, was driven at various rates, and a record made of the monophasic 
action current at each rate. As cycle length shortened, the duration 
of the monophasic curve also shortened, along a curA^e similar to that 
Avhich shows the relation between the Q-T interval and the heart rate."" 
■When the same ventricle Avas cooled about 10° C., its monophasic curve 
Avas nearly as short, Avhen the cycle length Avas short, as Avas the mono- 
phasic cui'A^e of the uncooled A’^eiitriele at the same heart rate. But 
AAdien the cycle lengths Avere long, the monophasic curve of the cooled 
muscle had nearly tAvice the duration of the cui-A^e from the uneooled 
muscle. The Amntricular gradient most plausibly is a result of sloAA'^er 
repolarization (i.e., longer monophasic curve) in some parts of the A'^en- 
tricles than in others. Hence, as in the turtle experiment, increasing 
the heart rate should cause a greater curtailment of the response in 
those regions Avhieh are normally sIoav to reeoA'er, like the cooled mus- 
cle, than in those regions AA'hieh recover more promptly, like the un- 
cooled muscle. When the durations of the excited state in the differ- 
ent regions become more nearly equal at higher heart rates, the elec- 
trical difference upon Avhieh the gradient depends is diminished, and, 
for this reason, the manifest area or magnitude of the gradient is 
reduced. 

This interpretation satisfactorily accounts for the effect of heart rate 
on the gradient, although it does not prove that this is the real ex- 
planation. It throAA’s no light AA^iatever on the cause of those regional 
differences upon AiOiieh the gradient depends. It is tempting to assume 
that the stroke A^olume is in some AA'ay related to the production of the 
normal gradient. More precisely, it may be imagined that the gradient 
depends upon the differential extent of shortening of subendocardial 
and subepicardial muscle fibers, and upon a correlated difference in 
energy expenditure and time required for electrical recovery. As 
stroke A’^olume increases from zero, the gradient should increase, at 
first rajiidly and then more sloAAdy to a maximum, and should then 
slowly decline unless the decrease is offset by the rate effect. Most of 
the facts in our possession faA'or this intei'pretation, but so many un- 
certainties exist that an extended development of the hypothesis should 
not noAv be undertaken. 

7. application to clinical electrocardiography 

In this and the preceding paper Ave have discussed factors Avhieh 
influence the normal direction and the magnitude of the manifest area 
of the QRS and of the ventricular gradient. We have given some evi- 
dence to show that the manifest area of the QRS is mainly dependent 
upon the direction, in relation to the frontal plane of tlie mean spatia 
QRS axis, SAqks- However, it is also probably very slightly diminished 
during sinus tachycardia by a physiologic factor, namely, the accel- 
erated velocity of conduction of the Avave of excitation brought about 
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by augnieiited S3^llpatIletic tonus. The normal manifest area of the 
\entricnlar gradient, on the other hand, is affected not only by the 
direction of SG, but by pliysiologie factors, the most important of 
which is lieart rate. These apparently alter the magnitude of S&. But 
the size of the gradient is also affected by another unknown factor 
which may be related to the stroke volume. Furthermore, the evidence 
thus far presented indicates that the absolute magnitudes of SAqrs 
and Stt in noi-mal persons, under comparable conditions, differ much 
less than empirical observations could possibly have suggested. We 
believe that it is possible to make a fair estimate of the normal abso- 
lute magnitude of the vectors as they are projected in three dimen- 
sional space, and not merely on the frontal plane. This statement 
applies to the normal subject, for, as is well understood, abnormal 
changes may add to, or subtract from, that component of the vector 
which lies at right angles to the frontal plane without making their 
presence felt in tlie limb leads. Finally, as a rule, the three axes, 
namely, the longitudinal axis of rotation, H, the gradient, SG, and 
SAqrs, normally lie very nearly in one plane and are separated by 
nearly constant angles. 

If the foregoing statements are true, it then becomes possible to 
systematize three-lead electrocardiography so that it will not only be 
simpler to learn, Imt a more discriminating instrument for the detec- 
tion of disease. Preeordial leads, as hitherto, should detect those 
changes which produce electrical effects at right angles to the frontal 
plane, and what they reveal may assume new significance when cor- 
related with the limb leads. 

Our third paper will supply much additional evidence, and it will be 
given in a more quantitative fashion. Either in that papei', or in a 
subsequent one, we can consider the further question of the possible 
effect of thoracic shape and of structures of possibly different electrical 
conductivity upon the magnitude and direction of the axes. We do 
not deny that such effects exist, but it appears that they have relatively 
little effect upon the mutual relationships of the vectors. 

suiM^rAKY jWd conclusions 

Several of the factors which affect the manifest magnitudes of the 
mean QKS axis and of the ventricular gradient have been studied. 

Both of these magnitudes are slightlj*' smaller in women than in men, 
even when correction is made for the sex difference in heart late. 

Other things being equal, an increase in heart rate is associated with 
a decrease in the manifest magnitude of the gradient, and viee^ versa. 
The effect of increased rate is best demonstrated by a comparison ot 
the effect of amyl nitrite and of exercise on recumbent subjects. Some 
subjects show a slight inci’ease in the manifest magnitude of the gia- 
dient during the period of reflex cardiac slowing after the Valsalva 

experiment. 
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A change in posture from supine to standing hivariably ^ a 
measuralile decrease in the magnitude, G, and tins change *3 g 
to he caused l)y the cardiac acceleration. Often the decrease is extrenie^ 
A comparison of the effects of the several procedures suggests that 
two separate factors are associated with the change in Gie manifest 
magnitude of the gradient, namely, heart rate and ventiiculai stiov 

volume. (. 

On the average, in different sub,ieets, the mean manifest areas 
QRS and QRS-T show a direct correlation. This is interpreted in terms 
of a relatively fixed angle betiveen the two axes, SAqks and SG, an 

their projection upon the frontal plane of the body. 

Two electrocardiograms are singled out for individual discussion. 
One, from a normal medical student, showed inversion of the T ivave 
in Lead I when the subject was standing. 

It is pointed out that the electrocardiographic approach Avhieh is 
lieing developed in these papers should not only make it possible to 
systematize the subject, but should also make electrocardiography a 


more discriminating instrument for the detection of disease. 

One of the major implications of this study is that T-wave peculiar- 
ities or changes can be evaluated properly only ivhen considered in 
relation to the magnitudes and directions of the mean QRS and QRS-T 
areas. This fact will remain true, even if it should be demonstrated 
that the actual magnitudes and directions of the vectors are not quite 
accurately given by the Einthoi^en triangle. 


We wish to acknowledge, with thanks, the assistance given hy Dr. J. L. Gouaux in 
making the fluoroscopic examinations, and by Dr. R. H. Bayley, who thoroiighiy 
criticized the manuscript. 
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THE BENZOL-ADRENAIHN TEST AS A EELIABLE METHOD 
OP ESTDIATING CHANGES IN THE SENSITIVITY OP THE 
DOG’S VENTEICLES TO PIBEILLATION. APPLICA- 
TION OP THE METHOD TO THE STUDY OP 
QUINIDINE SULPATE 


Eene Weoria, M.D., and Neil D, Nickerson, B.S. 
Cleveland, Ohio 


TN PEEVIOUS papers,’--’’' we reported the effect on the “fibrillation 
1 thresliold” of tlie dog’s ventricles of several drugs (procaine, digitalis, 
ouabain, papaverine, cpineplirine, quinidine). The “fibrillation thresh- 


old” is the strength of the weakest short dii-ecl current stimulus which 
will induce ventricular fibrillation when ajiplied directly on the ven- 


tricular surface in the last 0.04 to 0.06 second of ventricular .sy.stole, the 
so-called “vidnerable period.” In tho.se studies, ventricular fibrillation, 
once induced, was immediately stopped by the alternating current 
countershock method, and the fibrillation threshold, which was re- 
peatedly ascertained, was shown to be constant, provided a few simple 
experimental precautions were taken. Therefore, this method allowed us 
to quantitate the effect on the fibrillation threshold of several physio- 
logic,'* pharmacologic,’- -- and pathologic factors.® This procedure is 
rather difficult and tedious in execution, and we therefore tested a 
simpler method of estimating the scirsitivity of the mammalian ventricles 
to fibrillation. 


It is well known** that several drug combinations, such as chloroform- 
adrenalin, benzol-adrenalin, and cyclopropane-adrenalin, may induce 
ventricular fibrillation. Shen and Simon’ and Bunstein and Marangoni® 
made use of such drug combinations to study the action of procaine. 
Thej^ .showed that procaine decreasCvS the sen.sitivity of the mammalian 
ventidcles to both chloroform-adrenalin’ and cyclopropane-adrenalin® 
and prevents ventricular fibrillation. But, since ventricular fibrillation, 
once induced, leads to the death of the animal, their .studies and similar 
ones consisted in comparing the reaction to chloroform-adrenalin, benzol- 
adrenalin, or cyclopropane-adrenalin of a control group of dogs with 
that of another group which received the protective drug. This statisti- 
cal method of estimating the ability of a drug to prevent ventriculai 
fibrillation is not entirely convincing, however, because, when a gzoup 
of dogs are tested with chloroform-adrenalin, cyclopropane-adrenahn, 
and, to a lesser extent, benzol-adrenalin, some develop ventricular fibrilla- 
tion, some show impre.s.sive runs of ventricular tachyeaidia, and otheis 
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disDlav only a fc^Y scattered ventricular cxtrasystolcs. ’ 
hand, any given dog, niidca conaUnt “y™''"'"! “J;; ,e. 

constantly to the bcnzol-adrenalm combination, boi this leason 
peated tests on the same dog before and after the adimnis la ion < 
Img are much more reliable as regards the efficacy of the drug undci 

order to be conclusive, it is necessary to prove (1) that a dog s 
heart which develops ventricular fibrillation from benzol-adreiialm can 
be revived with an alternating current eountcrshock; and (2) Uvat sucli 
a heart, when repeatedly revived, will react repeatedly in the same way, 
and for a reasonable length of time, to benzol-adrenalin. These two 
requirements can be satisfactorily met, as is shown by the o.xperimenls 
reported in this paper. 

•MT^THOD 


Dogs wliich weighed an average of 10 Icilograms were anesthetized l)y the 
intravenous administration of 300 to 350 mg. per hilogram of sodium harbital. Un- 
der artificial respiration, tlio chest was opened througli a midstcrnal inci.“ion and the 
heart suspended in a pericardial cradle. The mean arterial blood pressure was 
recorded on a hymograpii from the femoral arter)-. An electrocardiographic tracing, 
generally Lead HI, was recorded from subcutaneous electrodes. A .standardized 
benzol-adrenalin test was performed as follows: Benzol was administered by intra- 
tracheal inhalation tlirougli an anesthesia bottle until the mean blood prc.ssurc fell 
20 to 40 mm. Hg. Then, simultaneously, the administration of benzol was stopped 
and 0.02 mg. per kilogram (1:10,000 solution) of adrenalin was administered via 
the jugular vein. As soon as ventricular fibrillation was induced, two electrodes 
padded with cotton soaked in Locke’s solution wore applied around (he ventricles, 
and short runs of a CO cycle per second alternating current, 2 to 3 amperes in 
strength, were sent through the heart until tlie fibrillation stopped. A recovery 
period of at least fifteen minutes was allowed after fibrillation was stopped. 


RE.SULTS 

The results ohlained in le.sting quinidine sulfate are illustrated by 
Fig. 1 and Fig. 2, which are pictures of the series of hcnzol-adrcnalin 
tests perfonned in two typical experiments. 

In the experiment of Fig. 1, the dog's mean blood pressure was 120 
mm. Hg at 12:05 p.m. Benzol was then aclmini.stercd by tracheal inhala- 
tion. When the blood pros-surc had decreased to 70 mm. Hg, benzol wa.s 
withdrawn and 0.02 mg. per kilogram of adrenalin was injected into the 
jugular vein. The blood pressure rose to 150 mm. Hg, and then ven- 
tricular fibrillation developed suddenly. The heart was immediately re- 
vived by the alternating current countershoek method. At 12 :45 p'.m. a 
similar administration of benzol and adrenalin (0.02 mg. per kilogram) 
“mf ffljrillatio,, wliich was promptly stopped \gnin 

mil. 01 , • rcv.vmg motliocl. At 1:00 p.m. 15 ng. of qomidinc snllalc (one 
PCI cent sohition) per kilogram were administered via the femoral vein 
ovc. a period of ten minutes. The blood pressure dropped from 110 mm 
Hg to SO mm. Hg. At 1:15 p.m. Wol-adrcnalin 0 02 n,° , , 

gram) did not produce hbrfflation, although the blood pres.sure rese from 
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45 mm. Hg to 85 mm. Hg, Imt not a.s suddenly as in the control tests. 
Pour more times the test was repeated. Arrliythmias, especially runs 
of ventricular taciiycardia, developed, but ventricular fibrillation never 
occurred, despite the^ fact that in the last test, for example, the blood 
pressure rose from 65 mm. Hg to 115 mm. Hg, not very suddenly, how- 
ever. At 3 ;05 P.M., i.e., almost two hours after the end of the quinidine 
MM.HG 
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TTio- 1 Trncinsr of the mean femoral Wood pressure during each henzol-adrenaim 

tesflCTmrJed in a typical experiment during ;«diich rather large d ?]"e"sckR 

sulfate mere administered. Numerals on the left refer to mm. ’ to Uie 

for the femoral hlood pre.ssure. Numerals below the tracing of each test reier 
time at which the test was performed. 


administration, benzol-adrenalin (0.02 mg. per Idlogram) indneed ven- 
tricular fibrillation, altliougli tlie blood pressure did not rise more (from 
65 mm. Hg to 110 mm. Hg) or more suddenly than in the preceding tests 
in which fibriUation did not occur. At 3:30 p.m., benzol-adrenalin (0.02 
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Fig-. 2. — Tracing of the mean femoral blood pre.s.sure during each bonzol-.adrenalin 
test performed in a typical experiment during which smaller dosc.s of (lUinidino .suifate 
were administered. Kunierals on the left refer to mm. Hg and are the .scale for the 
femoral blood pres.sure. Numerals below the tracing of cacli test refer to tiie time at 
which the test was performed. 


This experiment evidently shows that qninidinc sulfate prevented tlic 
fibrillation induced by benzol-adrenalin; yet, when the effect of qninidinc 
wa.s over, the heart still responded to benzol-adrenalin hy developing 
fibrillation, which proves tliat the dog had remained under eonslant ex- 
perimental conditions except for the administration of qninidinc. A 
second administration of qninidine again prevented the benzol-adrenalin 
fibrillation. 
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The experiment of Pig. 2 is interesting in tliat small doses of quinidine 
sulfate, comparable to those used in the experiments reported by Wegria 
and Nickel son, were used,^' At 11 :35 a.au, after benzol inhalation, 0.02 
mg. per kilogram of adrenalin increased the blood pressure from 90 mm. 
lig to 180 mm, Hg and induced ventricular fibrillation, which was 
stopped by the alternating cuiTcnt countershock. Prom 12 :00 to 12 :07 
P.IM., 5 mg. per kilogram (1 per cent solution) of quinidine sulfate were 
administered via the femoral vein. The mean femoral blood pressure 
dropped from 120 to 100 mm. Tig. At 12:10 p.m., it was about 110 mm. 
Hg, and benzol-adrenalin (0.02 mg. per kilogram) did not produce ven- 
tricular fibrillation, although the blood pressure rose from 80 to 200 mm. 
Hg. At 12:25 P.M., benzol-adrenalin (0.02 mg. per kilogram) was ad- 
ministered ; the blood pressure rose from 100 to 130 mm. Hg, and then 
fibrillation developed suddenl.v. After revival and recovery, an addi- 
tional 5 mg. per kilogram of quinidine sulfate were administered. The 
arterial blood pressure temjiorarily dropped from 100 to 85 mm. Hg 
but soon stabilized around 95 mm. Hg and, at 1 :00 p.m., benzol-adrenalin 
(0.02 mg. per kilogram) did not produce fibrillation, although the blood 
pressure rose from 70 l,o 185 mm. Hg. In two more similar benzol- 
adrenalin tests, at 1:15 and 1:50 p.m., fibrillation did not develop, and 
yet, in both tests, the blood pressure ro.se as suddenly and as high as or 
higher than in the control tests. At 2 :50 and 3 :10 p.m., respectivelj’’, two 
similar benzol-adrenalin tests induced fibrillation, but the blood pre.ssure 
did not rise higher or more suddenly in these last two tests than in the 
preceding ones in which fibrillation did not develop. 

This series of experiments shows that quinidine sulfate, in doses of 
about 15 mg. per kilogram, jirotecls the dog's ventricles against the 
benzol-adrenalin fibrillation. "With such doses of quinidine, the mean 
arterial blood 2 )ressure is significantly reduced for some time. In benzol- 
adrenalin exjjcriments after the administration of such doses of quini- 
dine, ventricular fibrillation does not develop, whether or not the blood 
pressure rises as much and as suddenly as in control tests. That pro- 
tection lasts for some time. 

Smaller doses of quinidine sulfate (5 mg. per kilogram) decrease the 
mean arterial blood pressure veiy slightly and only temiiorarily. Dur- 
ing a benzol-adrenalin test after such doses of quinidine sulfate, the 
increase of blood pressure is the same or sometimes even greater than in 
a test before the administration of quinidine; nevertheless, such doses 
of quinidine protect the heai’t against benzol-adrenalin. 


greater than 2 mg. per kilogram, because larger doses depr^^^^^^^ 
tolerate as much quinidine as do normally beating hearts. 
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SUMMAKY 


1. A new method of ascertaining repeatedly, in the same animal, the 

sensitivity of the dog's ventricles to lihrillation is presented. 

2. This method is easier to perform than the “fibrillation threshok 
test,’’ and yet it is critical. However, it does not cpiantitate the sensi- 
tivity to fibrillation. The procedure consists in comparing the reaction 
of the same dog to the combination of benzol-adrenalin before and alter 
the intervention of some factor under study, such as a drug. T his is 
done hy ascertaining whether or not hcnzol-adrenalin, which induces 
fibrillation before the administration of the drug to be studied, .still does 


so after the administration of the drug. 

Whether or not the sensitivity of the heart to the benzol-adrenalin 
fibrillation could be quantitated by ascertaining the amount of adrenalin 
required to produce fibrillation remains to be studied. 

3. Quinidine sulfate protects the dog’s ventricles against benzol- 
adrenalin and prevents the benzol-adrenalin fibrillation, which confirms 
the results we obtained hy the filirillation thre.shold method. 

4. The protection exists whether or not the do.se of quinidine .sulfate 
administered diminishes the increa.se of blood jiressure which normally 
occurs during a control benzol-adrenalin test. 
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THE INCIDENCE OF RHEUMATIC STIGMAS IN HEARTS 
WHICH ARE USUALLY CONSIDERED NONRHEUMATIC 

Britest M. Hall, ]\I.D., and Lucille R. Anderson, MD, 

Los Angeles, Calip, 

TN A previous study,^ au attempt to find normal hearts wiiich were free 
1 from rheumatic stigmas when examined microscopically according to 
the standard method of Gross, Antopol, and Sacks^ was unsuccessful. 
Correlated with this fact is the observation at the autopsy table that one 
or more cardiac valves nearly always show some small degree of thieken- 
iug in patients who had no clinical manifestations of endocarditis. The 
mitral valve is the one involved by far the most frequently (Fig. 1). 
Thickening is best observed along the line of closure. Often there is 
slight thickening, and, in some instances, there are adhesions among the 
chordae tendineae. The aortic valve may show slight adhesions along 
the commissures, and one or more leaflets of the tricuspid valve are often 
thickened and somewhat opaque in appearance. These considerations 
have induced us to investigate further the incidence of rheumatic 
stigmas in hearts which are usuallj" considered to be free from rheumatic 
infection. 

METHODS AND MATERIALS 


A preliminary study was made of thirteen hearts -which showed no valvular 
lesions save the minimal changes referred to above. Standard blocks were taken: 
one through each of the four valves, one from the posterior papillary muscle of 
the left ventricle, and the sixtli block from tJie wall of the left auricle. The blocks 
were embedded in paraffin, hlicroscopic sections were stained -ndth hematoxylin and 
eosin and with MacCallum’s clastic tissue stain, and counterstained by van Gieson’s 
method. Eheuraatic stigmas were found quite abundantly in nine of these hearts, 

and somewhat sparsely in four of them. It was therefore decided to proceed with 

a larger number of cases. The preliminary study indicated that the block from the 
posterior papillary muscle was the most useful one for our purposes. Since it was 
necessary to depend for procurement of material largely on the cooperation of our 
residents in pathologj', it was decided to ask routinely for blocks of the posterior 
papillary muscle (tlie anterior^ was used if it was larger than the posterior) and 
a block through the base of the left ventricle, including a portion of the posterior 

mitral leaflet and a small portion of the left auricle. It seemed to us more im- 

portant to examine a large number of hearts in this way than a lesser number 
by the more complete method. Wo believe our data justify tliis decision. About 
25 per cent of the material was obtained from autopsies performed by one of us 
(E. M. H.). Multiple blocks of the heart were obtained in many of these cases. 

In all, 124 hearts were studied. Some of these, purposely included, contained 
recent or healed rheumatic valvular lesions or were the seat of bacterial endocarditis. 
TIus group of 12 hearts was used as a control series. 

The larger group, consisting of 112 hearts, was free of gross, deforming valvular 
lesions, and in none of these cases had there been clinical e-vidence of rheumatic 
infection or chronic valvular disease. 


From the Departments of Pathology of the School of 
Southern California, and of the Los Angeles County Hospital, Los Angeles, Caljforn . 

Received for publication May 25, 1942, 
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RHEUMATIC STIGJIAS 

The various stigmas v^ere those coniiiiouly eoiisidercd to 1)0 rheumatic. 
These -were grouped under three ])eading.s, viz., vascular, perivascular, 
aud interstitial. Essentially the same stigmas M’ere used Iiy Hall and 
Ichioka^ in a previous investigation of calcitie aortic stenosis. Vdsailar 
lesions included arteritis rheumatiea, fibrinoid necrosis, aud clastic tissue 
alterations. Under the heading of perivascular lesions, Aschoff nodulas, 
fibrinoid swelling, aud cellular infiltration were considered. Tiie only 
interstitial lesion taken into aecOunt was cellular infiltration. Cellular 
myocardial scars caused bj’ vascular cbanges of rheumatic origin u’crc 
encountered in a number of instances. The.se are so difficult to sejiaralc 
from the scarring caused by arteriosclerosis of the coronaries that it was 
thought best not to include myocardial scarring. Edema is important 
in acute rheumatic lesions, but it is mo.st likely to arise from other 
causes in the chronic forms. 





Vasenlar^ ami Perivascular Lesions . — lUieumatic le.sions of the coro- 
nary arteries have been thoroughly .studied by Kai-sner and Bayless ■■■ 
Von Glahu and Pappenheimer,^ in 1926, described in detail the periph- 
eral vascular changes in acute rlieumatic infections. These authors 
speak of swollen endothelium and swelling of the vessel wall with 
reduction in the size of the lumen. In the acute phase, swellimMs the 
result of infi tration of the walls with fibrin. Klinge-^' refers to^tbis as 
^ moi ercpiellung, ” and the accompanying necrosis he calls 
fibrinoid necrosis.” In acute rheumatic fever the iiifiltratiim fibrin 
eau be^ stained dark blue with Weigert’.s fibrin stain, yellow udth van 
eson s stain, and pink with eosin (Fig. 2) In the chrnni'o i ■ 
rheumatic heart disease, a fine, hyaliim, fiLillai, ^bZ^ 
about the coronary arterioles in many instances The wall of 
ole may contain hyaline, finely graiuilar natcl.e^ m ^ 
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Although the hyaline, fibrillary material about the vessel optically re- 
sembles fibrui, it no longer takes tlie fibrin stain. As von Glahn and 
Pappenheimer' state, tlie fibrinous exudate is gradually changed into a 
permanent tissue (Fig. 5). This material now stains faintly red vdth 
van Gieson’s stain and blue with Mallory’s connective tissue stain. 
These perivascular sears are apparently healed phases of the fibrinoid 
reaction. Likewise, tlie hyalinized wall of the arteriole is also fibrous 
(Figs. 4 and 5). 



Fig-. 2. 


Fig. 3. 


Fig. 2. — Autopsy S-‘1718. Caucasian male, 22 years of age. Heart weight 940 Gm. 
Control case. (Rheumatic iieart disease and bacterial endocarditis.) This micro- 
pliotogi’aph of tlie lieart illustrates fibrinoid necrosis and swelling of a coronary 
arterioie, also perivascular fibrinoid swelling as seen in a more acute phase. (H ana 
E 100X-) 

Fig. 3. — Autopsy 22305. Caucasian female, 61 years old. Heart weight 300 Gm. 
The microphotograph shows slight swelling and patchy fibrinoid necrosis of the wan, 
also some hypertropiiy of the cndotliolium. (H and B 250X-) 


Rheumatic arteritis has been used by us in a broad sense to include 
endothelial hypeipla.sia and hypei'trophj', disarrangement of muscular 
elements (metallaxis), udiich is a characteristic and common feature in 
rheumatic infections, and infiltration of inflammatory cells within the 
vessel wall. The latter consist chiefly of large mononuclear cells .(cardiac 
histiocytes), with a few Ijanphocjdes, and occasional eosinophils. Since 
varying' degrees of fibrinoid necrosis are usually present, thei’e is a le- 
duction in the number of smooth muscle nuclei, and those that remain 
often appear pykuotie (Figs. 6 and 7). Rheumatic arteritis is much 
more common in the acute rheumatic lesions than in the healed ones. 
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Fig. 4. — Autopsy S-4409. Caucasian male, 63 years oUl. Heart weight 525 Gm. 
Microphotograph illustrating swelling or thickening of tlio vessel wall, with hyaline 
fibrous changes, probably the result ol fibrinoid necrosis. The lumen is considerably 
narrowed. (H and E 130X-) 

Fig. 5. — ^Autopsy 25731. Caucasian female, 86 years old. Heart weight 410 Gm, 
Th'= »v,!.....«,~i.-A-— • q£ coronary vessel shows much the same thing as Fig. 4, 

1 perivascular hyaline fibrillary mass which optically resembles 
■ is is. however, permanent fibrous tissue. (H and E lOOxO 
Fig. 6. — ^Autopsy S-4388. Caucasian male, aged 29 years. Heart weight 225 Gm. 
(Acute glomerulonephritis.) Microphotograph of a coronary artery sliowing pale 
areas of patchy necrosis alternating with areas of increased cellularity (histiocytes). 
This is an example of arteritis. (H and B 250X.) ^ 
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As would be expected, therefore, only a few specimens revealed a 
mai’ked degree of arteritis, but many presented minor changes of this 
character. 

Elastic Tissue Alterations . — According to von Glahn and Pappen- 
heimer,'* the elastic tissue changes are well marked in acute rheumatic 
infections. These authors describe swelling and beading of the elastiea 
interna and alteration in the staining reaction. When exudation of 
fibrin is abundant, the lamellae may be difficult to distinguish and may 
disappear. Karsner and Bayless® found elastiea alterations in 90 per 
cent of their cases in the first two decades, and in all subsequent cases. 
They describe swelling, splitting, and fragmentation of elastic lamellae. 
Although many infections injure the elastiea, these authors found that 
rheumatic fever produces eaidy and serious damage to the elastiea of 
the coronary arteries. Superfieiallj’’, the elastiea changes in our speci- 
mens appeared to be the result of hyperplasia. On closer study it was 
found that the process consists of swelling, siilitting, fraying, and 
smudging (Pig. 8). Some degree of elastic tissue alteration was present 
in practically all of our hearts and was marked in nearly half of them. 

Aschoff Bodies . — Most investigators accept the Aschoff body as a 
specific lesion of acute rheumatic heart disease. Aschoff bodies in 
chronic rheumatic lesions are not as characteristic as in the acute 
lesions.^’ ® In his monograph on rheumatism, Klinge® describes and 
illustrates with a colored plate what he believes are the steps in the life 
cycle of the Aschoff nodule. After the typical granuloma stage, as seen 
in acute cardiac lesions, iuvolutionary changes set in which cause the 
giant cells, fibrin, and hyaline matrix to disappear gradually; they are 
replaced by sear tissue which is more or less cellular. We agree with 
Klinge,® Gross and Ehrlich,'*' and others that the Aschoff body undergoes 
a series of ehang’es as the rheumatic infection goes into a more chronic 
phase. Some Aschoff nodules lose their eellularity completely, and new 
ones appear with recurrent attacks of the disease. Masses of hyaline 
collagenous material are usually not present in the centers of Aschoff 
nodules during the chronic phase (Pigs. 9 and 10). 

Clawson^ has recently described the chief cell of the Aschoff body. 
This is a large, somewhat elongated mononuclear cell -with a long, bar- 
like nucleus which gives off fine processes that extend through the cyto- 
plasm toward the periphery. In cross section the nucleus is irregular in 
outline and appears to be susiiended near the center of the cell by radi- 
ating lines of fibrillar material which pass outward to the cell membrane. 
According to Clawson," it is generally agreed that this cell develops from 
cardiac interstitial tissue and that it is restricted in its location to the 
myocardium and cardiac valves. He agrees with Domiey that the eeU 
should be called a cardiac histiocyte. Klinge® uses the term “mesen- 
chymal cells.” These special histiocytes apparently increase in the 
myocardium under the stimulus of various irritants. Acute infections 
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caused by the pyogenic cocci call out polymorplioimclear neutrophilsj as 
in other organs. Lymphocytes and plasma cells also appear in the myo- 
eardium in various chronic infectious. Acute and subacute infections 
of the iheumatic type call out the.se particular histiocytes in consider- 
able numbers. Oeeasionallj' the reaction is more exudative in type, caus- 
ing an abundant fibrinoid reaction and a minimal proliferative response. 
Even so, nests of cardiac histiocytes (Aschoif bodies) may be found. It 
would seem, therefore, that cardiac histiocytes are not specific for rheu- 
matic infectious, but are sjieeific as to the cardiac reaction to certain 
irritants. The resiionse to tlie rheumatic virus is usualty veiy active. 
The 3 ’' are likewise found abundantly in bacterial endocarditis, acute 
glomei’ulonephritis, and other streptococcal infections. The specimens 
in our series in which the other rheumatic stigmas were well represented 
were the ones in which Aschoff bodies Avere most frecpiently found. 

Perivascular and interstitial nestlike collections of cardiac histiocytes 
we have called Aschoff nodules. If the cells are more loosely arranged 
and not so abundant we have referred to them as sub-Aschoff bodies or 
Aschoff-like nodules (Pig. 11). 

Histiocytic Cellular Infiltration . — The perivascular and interstitial 
histiocytic response refers to an increase in the number of cardiac histio- 
cytes in these areas. If the number of histiocjdes was greatly in- 
creased, Aschoff nodules were almost invariably present. In a number 
of specimens in Avhieh histiocytes Avere abundant both about the A'^essels 
and in the interstitial spaces, multiple Aschoif nodules were found. In 
general, the histioc.ytie infiltration Avas the most variable among the 
stigmas considered. 

Belation to Hyperergy. — A number of authors have expressed the 
vieAv that the tissue changes in rheumatic fever are the result of hyper- 
sensitivity to some antigen, usually streptococci. Swift, Derrick, and 
Hitchcock,® in 1928, expressed their aucws A'^ery clearty on this subject. 
Kling’e® has been the outstanding exponent in Europe of the AoeAV that 
rheumatic fever is related to hyperergy, and Rbssle® and Chiari^® are in 
agreement Avith him. i\Iany names might be added to the list; in fact, 
it may be stated that the idea of hypersensitiAuty in relation to rheu- 
matic infections is quite Avidely accepted. Although the etiology is not 
knoAAUi, Amrious types of streptococci liaAm been so frequently associated 
Avith acute rheumatic manifestations that man}’" inA^estigators believe 
that they are etiologically important, if not the actual cause of the 
disease. 

By repeated parenteral injections of horse serum in rabbits, Klinge 
Avas able to produce a liA’^perergic arthritis, accompanied by Aschoff like 
granulomatous lesions about the small coronary aider ies. Vaubel, em 
ploying the same experimental pi’oeedure, likeivise obtained hypeieigic 
carditis. Small quantities of horse serum, injected subcutaneously at 
inteiwals of several weeks, provoked a mild response, and largei 
amounts, by the intravenous route, resulted in a severe hyperergic 




Fig. 10. — Autopsy 2C2nS. CauwBl.’vn mrilo, GO y<!>r!< old. Jl'iitl fl.O Cm. 

MIcropliotOKf.opli .‘'liov.'ltiK roUoctlon of c:ir<U:iC lil.'llooyti'r In tmiu oti Archoff tn. l;. . 
(II nnd K •100 X.) 

FIk. 11. — Autopsy 22:’.<iri. Cnucuslsui GI vi iii." of uto'. Hi oit iv< l(‘.tit .t<0 

Gm. JIlorophotOKnipli llluslr.’itliu; !i loose coileotloit of pi-tiva-ruliir ■•ilp-. mnitily 
lilstlocyte.". Such collcctlonr. the niitiioni Imvt: c.-tlled ,\; ehoff-IH.e or .►iih-A'-' hejf 
hodlcfl. (II ntid K 200x.) 

Fife. 12. — KxpcrhiK-ut.'il lesloti In n coronnry arleiy of n lidihlt pioduc-eil hy nml* 
tiple Injcctioiui of hori'o reruni Intriivenoiitdy In ltirf;e dosi-n (2-20 r.c.) over a pi rlod 
of C to 7 wcclt.s. The nilcrophotocriiph (iliows endotlif-llnl hyperidii.’dii, •dema of tt;e 
fiubcndothcllnl layer, find marked Increaio! In hlfillocyti'.'i tlirouirlioiii the nuo'dinrlr. 
There la aome perlvn.aculnr Increaae In mononuclear cellr. nlro Infiltration of the 
endocardium with almlhir cetla. (H nnd B lOOX.) 
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w 19 vears of ace All of the hearts ivere enlarged , the t\i 0 

r"^ oCsOO Sy; Myeotie vegetations ivere P-eut » ‘he 
v™e leaflets in only 6 eases and on both mifa and aortic in 1 
case In four of the remaining eases there were only healed rhemiatic 
lesions. No valvular lesions were evident in a hoy of 8 years «^thoug^ 
subacute rheumatic pericarditis and myocarditis were present In two 
eases of subacute bacterial endocarditis no previous rheumatic lesions 

■were demonstrated. * i • , 

The various stigmas of rheumatic infection Avere Avell represented ii 

all but one ease, as shomi in Table I. In tins case (No. 7), a of 
39 years, there Avas a combination of chronic rheumatic vamuar dis- 
ease and mycotic vegetations affecting botli mitral and aortic valves, 
together Avith syphilitic aortitis and aortic insufficiency. Aschoff nodules 
Avere present in 9 cases (75 per cent), a sub-Aschoff nodule in one, aud 
in two eases no specific granulomas were found. 

Main Gi’oup of 112 So-Called Nonrlmmatic Kcarts.~A history of 
rheumatic feA^er was recorded in only 3 cases, a negath^e liistoiy Avas 
found ill 16, and no record, was obtained in 88. Frequent sore throats 
Avere recorded in 2 instances, and there was a liistory of scarlet fever 
in 5. 

Incidence of Minimal Valve Thickenmg. — The minimal lesions, in the 
form of thieheiiing of valve leaflets, fusion of commissures of the aortic 
valve, and thickening of chordae tendiiieae are presented in Table II. 


Table II 


SuMMAR-j OF Gross Change.s in Cardiac Valves 



FUSION OP 

THICKENING OP LEAFLETS 1 

THICKENING OF 


COMMIS- 




[ CHORDAE 


SURES 

AORTIC 1 

MITRAL 

TRICUSPID 

AIITRAL 

TRICUSPID 

No. cases (+) 

11 

10 

65 

22 

42 

9 

No, cases (++) 

0 

3 

9 

0 



Total 

14(12.5%) 

(l3 (11.6%) 

74(66.0%) 

22 (19.6%) 

142 (37.5%) 

9 (8.0%) 
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L) 


in 14 insianecs (12.5 „c.- cent) U,« 

cats (11 e^per tnt). Tl.o mitral leaflets were tl.<‘ seat <-l minor tluelam- 
i,‘,.i„74cas« («5.0,H.rcc>.l). Tl,. ..|u.,-<Iac Iculinoac .|l I W iml| •' u.hr 
ivcre (liickciictl ill sonic (Icp-rec m 42 iiistiiiiws (•» . ' ’ 

iricuspid l«,llclsivcrcslii.|,lly (i) llncUcmHl in 2- .'iisi-s I. .!' ' ^ 

All of those ])orecntages are probably low beeaiise mos ( 
were described by residents in patbolo-y who ni many instances til 
to record minimal changes in the valves. In s]nte of this tact the initial 
valve was thickened in (iG ]ier cent of the, specimens. 

Incidence of Micimcopic lihcunmh'c ^SViV/am.s'.— These are ])resented ni 
Table III. The arteritis was mainly slight to moderate. I'lbnnoid 
necrosis, fibrinoid perivasenlav scarring, and clastie tissue alterations 
were principally in the. moderate (•;•-:) and maiked (olniiins. 

Aschoff bodies were found in 3:’. in.statice.s. or jier cent, of the ease^. 
and sub-Aschoff nodules in practically the same, number, i.e.. Gl times, 
or 30.8 per cent. In forty-five cases there were no cell ne.sts that could 
he classified as Aschoff bodies. 

Increase in periva.scular and interstitial liistioiwtes was ebielly .slight 
to moderate. There was a marked increase in roughly It) )ier cent of the 
specimens. 


Taiu.k IV 


iKCiuE.NCK or .Mi.m.m.m,, Jtr.M.iai Itina'.M.uic IxrrcnoN in ]]l' Ucakt.s, Snowi.vo 
Ar.so Di.STniiicTioN AceonDiNC to ]H:e.\i>!:.s‘ 


Tamr.MATii; initction 


no. or CASES 

AOEs f iiEr.M»i:.s ) 

I'O.snTVi; 

rnoii.Mii.t: 

noritTiri. 

3 

0-10 

») 

I 

0 

s 

n -20 

1 


0 

r, 

2l-.'10 

n 

• t 

1 

0 

?,t-tn 

5 

• > 

1 

IS 

•It-oO 

la 

■I 

1 

no 

.'.i-on 

If 

7 

1 

2!) 

fil-70 

m 

11 

n 

17 

7t-.S0 

10 

0 


5 

,si-.on 

5 

n 

n 

Totiil 112 


(is (<i 1.797) 


s (T.gc^) 


The distribution of cases by ages (decades) and the number of those 
cla.ssified as positive, ))robabIc, or doubtful as regards rheumatic infec- 
tion are recorded in Table IV. Comparatively few cases .(21) fell in the 
first four decades. This is beeau.se the ma.i'orily of patients in the Los 
Angele.s Count.y IIo.spital are in the older gronji.s. Of five eases in the 
ninth decade, all were considered positive for rheumatic infection, i.e., 
healed lesions were present which eonid he classified according to the 
.stigmas observed as resulting from eonlact willi the rlienniatic virus 


^ Of the .so-called positive ca.ses there wore 08 ((iO.7 jier (.oiif) in „i). 

36 (32.1 per cent) were in the probable rheumatic grouii, and onlv 8 in' 
the doubtful column. 
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It would require too much space to publish a coiuplete lab c oi. ^ 
cases. We have therefore selected the 18 case-s which fall to 

50 a^e group as a sample for detailed presentation (Table A ). Iheie 
were°10 males and 8 females. The weight of the heart is not pertinent 
to the present study. lu only one specimen was there slight fusion ol 
the aortic commissures, and in only one instance was there aortic cusj) 
thickening. The mitral valve was the seat of minimal iliickennig in 12 
heaids, or 66.6 per cent. The tricuspid was similarly involved in 4 
instances. The chordae tendineae were thickened in 4 liearhs, in each 
ease in connection with the mitral leaflets. All of the rheumatic stigmas 
were well represented in this group except in the second ease, S-4202, 
which is considered doubtful as regards rheumatic taint, riicrc <11 c 13 


eases in the iiositive group, four in the probable, and only one in the 
doubtful. In 10 specimens (55.5 per cent) Aschoff bodies were found. 
In 2 ea.ses snb-Asclioff nodules were present, and in G there were none. 

The main lesions found at autopsj’- in each of the 112 cases were re- 
corded on our master table. Careful analysis failed to reveal any 
essential relationship to the problem in hand, and therefore the autopsy 
diagnoses are not iucluded in Table V. It was thought that some re- 
lationship might exist in tlie lai’ge group with general arteriosclerosis 
and hjqoei’tensiou, especially among tho.se witli coronary occlusion. An 
analysis of this group, however, revealed a slightly lower percoitage of 
eases of coronary occlusion tliau was found among the autopsies at tlic 
Los Angeles County Hospital for the year 1939-40. 


COmiENT 

The facts presented liere are interesting, but their sig-iiificaiiee is 
difficult to evaluate. Until our knowledge of the etiology of rheumatic 
fever is more complete, the interpretation of the so-called rheumatic 
stigmas must he more or less hypothetical. It is well e.stablished that 
rheumatic fever is closely associated witli hemolytic streptococcus infec- 
tions.®' Cohurn^-‘ reported recently that in eases of infection with 
hemolytic streptococci without later development of rheumatic fever, 
the antistreptolysin titer rises no later than two weeks after the initial 
infection, but, in cases of developing rlieumatic fe\^er the titers rise in 
the third week and remain high as long as the disease remains active. 
The relationship of rheumatic carditis to allergie-Iivperergie inflamma- 
tion has been widely accepted.'- «• i’- CoburiU^ has .suggested tliat 

rheumatic fever develops in persons wlio, because of liereditarv and 
environmental deficiencies, are unable to react to infections with 
hemolytic streptococci in the usual waj^ Their immune response to the 
primary infection is inadequate, with the result that the cells of the 
reticuloendothelial sy,stem become sensitized. Hecui-rent infections with 
these organisms produce in such persons the S3miptonis and the allergic- 
yperergic tissue changes known as rhemnatie fever. The majoritv of 
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the population ai-e relatively immune to these orgauisms, and therefore 
are not subject to rheumatic infections. The hemoljdie streptococci 
referred to b% Coburn are those of the group of X/aucefield. 

According to a recent survey by Pau],'^ children in institutions for 
rheumatic heart disease tend to develop exacerbations of rheumatic 
carditis two or three Tveeks after upper respiratory infections caused 
by hemoMie streptococci. Jones and Mote’® report that, of 271 ob- 
served recurrences of rheumatic fever, 67 per cent vrere associated vdth 
infections of the respiratory tract, two-thirds of which were symptomatic 
sore throats. Of the first rheumatic attacks, 58 per cent were preceded 
by infectious of the upper respiratory tract. These attacks of carditis 
would appear to be allergie-hA'perergie reactions to the products of the 
hemolytic streptococci. 

Assuming, with Coburn’^ and others, that the hemolytic streptococcus 
is the etiologic agent in rheirmatic fever, one may logically explain the 
rheumatic stigmas found in the papillary muscles and immediate 
vicinity of the cardiac- valves by assuming that they are allergic phenom- 
ena which result from repeated streptococcal infeetioirs of tonsils, 
phatumx and sinuses in per.sons who are able to respond in the usual 
way'. Such repeated infections may' selectively affect the cardiac valves 
and produce mild inflammatory responses which result in minimal 
thickenings of the valve edges. Certainly' in the patients who develop 
rheumatic fever the valves are involved early' and often severely'. The 
inflammation also spreads to the myocardium but is usually' most evident 
near the valves. In the immune patient, changes characteristic of rheu- 
matic infection can be found, but as a rule only' in close proximity to 
the valves. The papillary' muscles, to which the chordae tendineae are 
attached, appear to be most afi'ected. 

Possibly the reaction is not as specific as we have indicated. Swift 
and his associates^ point out that a variety' of slreptoeoeei have been 
isolated from blood cultures and tbe lesions of acute rheumatic fever. 
Animals sensitized to one strain of streptococcus have shown, marked 
hypersensitivity to that particular strain, but have also been quite sen- 
sitive to other strains, as well. 

If later iuvestigatious demon-strate a specific organism other than the 
streptococcus in rheumatic fcA-er, the explanation offered above is still 
pertinent. Whatever the organism may be, it probably gains entrance 
through the nose or tonsils, for the majority of rheumatic infections 
follow^ upper respiratory disease.’^ The so-caUed stigmas of the rheu- 
matic virus discussed in this paper may nevertheless represent mam 
festations of aUergy' to repeated upper respii-atory infections in per- 
.sons who are relatively' resistant. Just as the pleural seais at the apices 
of the lungs are the “vaccination marks” which indicate immunity to 
tuberculosis, so tbe minimal valvular lesions and microscopic hyperergic 
changes in the heart muscle indicate immunity to rheumatic fever re- 
sulting from previous subelimeal infections. 
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1 Of 32^ lieart.s .sludied, 332 were free of volvi.lor Jesioos os ooi.i- 
inonly understood. Tl.e reinaininj? 32 .sperimens presented -ross lesions 
of chronic rlieninatic endocarditis or .snhaente. baeterinl cndoearditrs, oi 
both. This smaller group constituted our controls. 

9 Among the larger group of 132 hearts, minimal thiclcening of the 
mitral valve leallets was observed 74 times ((iO.O per cent). Slight 
thickening of aortic cusps and tricuspid leallets was juvsent much le.ss 
often. The chordae of the mitral valve were thickened in 42 cases, or 
37.5 per cent. 

3. The various microscopic rheumatic .stigmas were studied in blocks 


from the papillary muscles of the lett- ventricle and in some cases fiom 
blocks pa.ssing through each of the valves. All ot the stigmas .(arteritis, 
fibrinoid changes, elastic tissue alterations, Aseboff bodies, and infiltra- 
tion with histiosytes) were abundantly present. 

4. Aschoff bodies were found in thirty-three (23.5 ])er cent) insfance.s 
and Aschoft'-like collections in an additional 34 hearts (30. tl per cent). 

5. “Positive,” healed, minimal rlieninatic infection was diagnosed 
68 times (60.7 per cent), “probable.” bcaled, minimal rheuinatie in- 
fection, 36 times (32.1 per cent), and 8 specimens were called doubtful. 

6. There wa.s a history of rheumatic fever or choix-a in 0 of the 32 
patients in the control group. The rheumatic stigmas were abundant 
ill all but one case. This jiatient bad syphilitic aortitis, in addition to 
chronic rheumatic valvular disea.se and bacterial endocarditis. 


co.vcnusioNs 


1. About 510 per cent of the hearts studied revealed .stigmas of rheu- 
matic infection in the myocardium in close pro.vimity to the mitral 
vah'e. 

2. The.se Ic.sions arc lielieved to be the result of allergic-hyperergic 
responses to recurrent uiiper respiratory infections with the rheumutie 
virus in persons who arc relatively iinniune. 

3. The hemolytie streptococci would seem logically to fit the role of 
rheumatic agent under the conditions jiroposcd. We have jiresented 
no direct evidence that this is true. 


4. The present study indicates a widespread distribution of the rheu- 
matic virus, comparable perhaps to that of tuberculosis or poliomyelitis. 
As a corollary to this, the greater percentage of the population is im- 
mune to the virus of rheumatic fever, just as it is to tuberculosis and 
poliomyelitis. 
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STUDIES WITH THE BAULISTOCAKDIOGEAPH 
CAEDIAC INFARCTION AND CHRONIC ANHHNA 1 lA R • 
Isaac Stauu, and Fkaxcis Ci.auk Wcop, :M.D. 


H 


Pini.ADKLvniA, Pa. 

ERBTOFORB, llic repovlcd clinical stiulics with the imllistncarflio- 
•^raph’-'’' have been widc.sprcad .survcy.s to miin ('.xperit-nce with 
the common deviations from the normal This, onv fir.st stmlv ot a 
specific disease bv this method, deals with the coronary type of himrt 
disease and includes studies made both durbij^ llic Jicnte .stape aftm- 
cardiac infarction and in cases of chronic nnpinn of effort. There have 
been vci-y few studies of the amount of the. circulation in tho.se condi- 
tions,'' ” probably because, many of the ])alien1s are loo ill to permit the 
application of the older cardiac output methods. Therefore, we ]>lanned 
to e.stimatc the amount of the circnlntion in many cases of cm'onary 
heart disease and hoped to be able to gain information beyond flt<‘ 
scope of the methods which are routine in most hospitals. 

Since 1937, about 3, GOO balli-stoeardiograms have been made on suli- 
jects at the University Hospital, chiefly from the medical warils. Anioii'i 
these were 30G records on .G5 patients with angina ])eclori.s or cardiac 
infarction. All of Ihe.se patient.s had been e.Namined by one or both 
author;;, and most of them had been directly under their care. To 
avoid unconscious bias, all the records were reviewed and elassifled 
by one of us (F. C.W.) without knowledge of theii' hallistocardio- 
grams. The comjmri.son of the elinienl aspects, ns ohserved hy one 
author (F. C. W.). with tlie haliisloeardiograms, as analyzed hy the 
other author (I. S.), and the coiielu.sions flmt can he drawn therefrom, 
form the subject of tins paper. 

The results indicate that profound almonnalities of the amount of 
the circulation, .sometimes accompanied liy ;d(ernli()ns of impact form, 
are commonly, but not invariably, found in coronary lieart disease. 
The data show that those abnormalities may develop and recede during 
the acute period after cardiac infarction, but that they are found with 
greater frofiucncy and severity in eases in whicb iliere is a long historv 
of angina pectoris. 

MICTUOD.S 

2ipparaUts.~T:\xo princijjle.s and construction of tliu liulli.stocurdioKrjipl. tlic t,,.- 
I)aratu,s used to secure records of the heart's recoil and Die Idood V itni.ncts, Jiav.- 
)Gen descnbed.i Nothing is required of tlie jiatient o.vcejd fJiat I,,. Po rehi.ved 'itid 

motionless on the table, .so that the method is well adapted for the juvesligaiion 
or in persons. 


'oumljitlim, 

I, 

urid (if tlie 
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recorrf^.—Estimations of Wood pressure and all ballistocardiograms were 
taken wlnle the subjects lay on their hacks in the horizontal position, after a rest 
period of at least fifteen minutes, and never within two hours of a meal. The 
acutely ill patients were brought to the ballistocardiograph room in their beds and 
lifted directly from the bed to the table. Electrocardiograms were oeeasionallj' 
taken simultaneously with the ballistocardiograms by projecting the string’s shadow 
on the same film, but more frequently they were taken in the usual manner within 
a few days of the corresponding ballistocardiograms. 

heading the records.— Typical examples are given in Figs. 2 and 5, and it is well 
fo precede the details of record analysis by several general statements. 

vSince any movement made by the patient affects the record, artifacts are com- 
mon, and onij' the constantly- repeated features deserve any attention. 

With reseri ations to be discussed, the amplitude of the systolic waves is re- 
lated to the absolute value of the cardiac output, but large persons naturally have 
a greater OTnouiit of circulation than .small ones, so that the decision concerning 
wjiat is normal rests on the relation of the cardiac output to the size of the person. 
Also, older persons, even though they are healthy, give smaller impacts than their 
juniors. ^Foreover, if the impact form is abnormal, there are data to support the 
belief that the cardiac output may be larger than the amplitude suggests. There- 
fore, the record of one person may not necessarily be directly comparable with 
that of another, but records obtained on the same person at different times are 
directly comparable. 

The decision concerning normal hallistic form . — The first step in the analysis of 
any record is to decide whether the form is normal or abnormal; diagrams of both 
kinds are shown in Fig. 1. The normal can be recognized at a glance, and atten- 
tion should be concentrated on the I and J waves, for, from their areas, cross- 
hatched in the figure, the cardiac output is calculated. Sharp and well-defined I 
and J waves have been found in all the records on healthy persons, and in a great 
majority of those on patients. They are caused by the recoil from, and the im- 
pacts of, the blood moved by systolic ejection. The other features of normal rec- 
ords on healthy persons are less constant. Just before ejection an upward H wave 
usually occurs, and, especially if the rate is slow, this may be preceded by a com- 
plex of small waves whicli, since tlie.v resemble the impacts after isolated auricular 
contractions in heart block, are probablv caused by motion of blood imparted by 
auricular contraction. But this feature is not well marked in all normal subjects, 
nor is this part of the record always flat in auricular fibrillation, so that other 
factors must enter in. During diastole a series of small waves occur; these are 
attributed by Hamiltoiis to standing waves in tbe aortic blood, for they coincide 
with aortic pressure waves. We have data to support this interpretation in some 
cases. Alwavs much smaller than the normal systolic complexes, these waves vary 
in amplitude in healthy persons and are almost absent in some. 

The size of the normal complexes always varies with the phases of respiration; 
it increases during inspiration and diminishes during expiration. 

The common tvpes of abnormality can easily be recognized by comparison with 
the diagrams of Fig. 1, but it must be kept in mind that those shown are extreme 
examples, and that complexes whose shape lies between such forms and the normal 
are encountered more frequently. 

Analysis of records with a normal /onii.— men the form was normal, cardiac out- 
put was calculated by the area method.^ claim has ever been made that the 
value obtained is highly accurate; indeed the absolute accuracj- of all car lac ou 
put methods is unknovvn. Nevertheless, results in individual cases are readily re- 
producible, the characteristics of normal records are well known, and we have no 
doubt that the major deviations from the normal which are found in so manv 

eases are significant. -n n ov 

The values for cardiac output per minute, per unit of body weight, wfil be e - 
pressed as percentage deviations from the average normal; the normal limits a 
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±22 per cent. AYhon ll.us expressed, t o « 'I’’" ‘‘J'* ‘ ^ pnnn 

ct nl.,0 vhich ad,-«sts for tl.e uuderestnuat.ou « u ’ 7^;: , 

Uibles based on dntiv obtuined ul noeropsy, does not iiUt 
normal and abnormal values are changed proporlionuII\ . 

One of the aims in eslimatii.K eardiae output is to ttain Infonnatu.n roncormnt, 
the heart's ^-ork and so obtain evidenee of its strength or wealctiess. Heeanse 1 1 . 
inlrirv pressure is unknorvn, only the rvork of the left ventr.cle enn be . - 
mated, ami, leaving out the velocity factor, which 

subjects, this work is approximately equal to the mean blood pres.M.re, . , 
times the speeific gravity of mercury, i:’./., times the eard.ae output. >onual 
Standards for left ventricular work per minute per pound of bnd\ weigh i. 
been compiled from a series of healthy persons, 57 men and -IS women, between 
the ages of 20 and 40 years. Using Cournand’s correct ion,e tbo ventrifiilar work 
per minute per pound of body weight of healthy young adults averages I’.O.O Gnu 
meters for men and 34.0 Gm. meters for women: the standard deviations are .>.- 
and 5.0 gram meters, respectively. Comhining tliese values, we obtain an average 
normal of 35.0 Gm. meters per minute with tbe nsnal statistical limits of normal, 
i.e., twice the standard deviation, 30 per cent ahovo and below Ibis figure. Ibiln 
obtuined liy tbe etiiyl iodide method on 31 noimal ).ersous yielded almost identical 
valucs.ie 

It must he noted that the standard deviation of the left venfrienhir work is 
about one-t)iird larger tlmii that of the cardiac ontpiil of licallhy jier.-ions. This 
means that the work of flie heart among healthy iiersons scatters over a wider 
range than the cardiac on1])ul. TTiorefore, the normal limits for work are eonsid- 
erably wider than those for oufiuit, and larger diflcrenres are required before the 
work of any patient can be considered abnormal. 

Analy/tis of records iv.ith an (thnormal form . — 17 of the lOfi records, the form 
was so abnormal that we were unable to estimate cardiac output with enougli eon- 
fidenec to give it a miinerical value. Iteeords b. c, d, f, and ;i of Fig. 2 are ex- 
amples of the abiiornml types encountered. Most of the 13 abnormal records 
resembled l> or c, and in these the ainplilnde was .so low that a subnormal cardiac 
output may be properly inferred, nlthougli an exact value should not be. given. 
Jfevertlieless, the bulk of our discussion will be centered nbont the 8!> records of 
normal form. 

In a few records, as c. Fig. 2, the abnormality is eonfuied to a part of the 
respiratory cycle. In these we have usimlly cnlenlated cardiac output from tlu- 
largest and smallest normal systolic complc.ves, and we do not believe, that the 
error of so doing would be large. Again, the amjilitiide of sueli records is always 
so small that only the degree of tlic “Injpol'iiicmui" could be in error. 

The terms “hyper-” and ‘'/ii;;iokinrmto"<5 will be used to express the corre- 
sponding abiioTnialities of the iimovnt of the resting circulation under the condi- 
tions of our tests. For convouionce of expression, llic loft ventricular work of 
resting patients under the conditions of our exiieriincnts will often bo referred to 
as the cardiac work, w-ithoiit further qualification. 

Criteria used in classification of ynticnls.—Tho criteria which Wood emploved 
were such that doubtful cases of coronary heart disease would bo excluded from 
our senes, even though some real cases were j.robably also eliminated. 

'The diagnosis of chronic coronary disease was based upon: (1) Tbo presence of 

elc had occurred previously; and (3) the prosonco of tvpicnl 

a hisfo^^ wgrapliic signs of licnled anterior or posterior infarction, together with 

Mverg 0 . 11 , „ r..'.-” ■’''•'‘>'-'8 *!" ■"'» "■II'I. n. 0 j«,„tc, ,,„,1 


ere on the basis of exercise tolere 


testing. 


mce, 


as aseertniiiod by questioning, not by direct 
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The diagnosis of acute coronary occlusion was based upon the occurrence of an 
attack of pain followed by eitlier (1) the tj-pical electrocardiographic pattern of one 
of the recognized types of cardiac infarction, or (2) progressive changes in the elec- 
trocardiogram which were not the result of drug administration or any other obvious 
cause except infarction. The cases were classified as mild, moderate, or severe ac- 
cording to the degree and duration of the fever and leueocytosis which followed the 
attack, the severity and duration of the pain, the diminution of the blood pressure 
and the occurrence of shock or failure. ’ 

Selection of cases.~ln aortic regurgitation, as part of the blood expelled in 
sj'stole reenters the heart in diastole, the amount of the circulation cannot be esti- 
mated from the ballistocardiogram. Tlierefore, such cases were not studied, and 
the well-known group with angina pectoris secondary to sj'philitic aortitis is not 
represented in our data. 

RESULTS 

AhnormalHies of Ballisiic Form in Coronary Disease . — Records sliow- 
iug abnormal ballistic forms were encountered in 17 instances. Most 
of these were obtained from patients with symptoms of over three 
years’ duration, although, because of an acute attack shortly before, 
some of them are classified as acute in Table I. 

The characteristic “late domistroke” diagrammed in Fig. lb, 
was encountered infrequently. The record of R. J., Fig. 2 g, who suf- 
fered from biliary tract disease and later from pain characteristic of 
angina pectoris during effort, is a classic examine of this t 3 "pe, but we 
have no shnilav case in our series. Forms intermediate between this 
and the normal, i.e., shallow I waves and retarded J iieaks, Avere seen 
occasionalljL 

The “late M” type is diagrammed in Fig. Ic, and similar records on 
patients ivith coronary disease were reproduced in a preAdous publi- 
cation.- Attributed to a ballistic imbalance of the tAvo sides of the 
heart, Ave had Avoiidered if this abnormality Avonld be found to be 
characteristic of cardiac infarction, but this has not proAmd to be so. 
The expectation based on tlieoiy has been Aveakened bj'’ the realization 
that, for anatomic reasons, mOAmment of the blood in the systemic 
arteries pla3\s a far larger part in the genesis of inapacts than mOAT- 
inent in the pulmonaiy sj^stem.*^ Also, onr larger experience has not 
borne out our earl 3' obseiumtions, partty because aa^c have become 20010 
strict in interpreting the records. Those like the third record of pa- 
tient H. B., shoAAm in Fig. 2, p, Ave might liaA^e preAdouslj accepted as 
the late M type, but the second apex of the M is small and occurs after 
systole is over, so that it is probably an after-Adbration, i.e., a large 
“L” AvaAm. It is the lack of the second after-Adbration, the “N” Avaye, 
Avhieh makes the record look unusual. Typical ‘ late M tracings (Fig. 
2/) are certainly to be found in coronary heart disease, but they occur 
infrequently. Since in many eases of cardiac infarction onty a small 
proportion of the total ventrierfiar muscle is found to be damaged at 
necrops3q it seems reasonable that the blood might be ejected avi 
normal velocity curve in many resting subjects Avith small lesions, espe- 
cially if cardiac output has diminished. 
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S/ 

In confirmation of tlie observations- of Tennant and Wiggers/® one 
of us (Wood) lias often noted that, when. a dog’s coronary artery is 
ligated, the area of the heart which is deprived of its normal circula- 
tion soon begins to bulge with each systole. Such a weak spot in the 
cardiac wall near the apex, bulging when systole begins, .should cause 
a displacement of the center of mass of the heart ’.s blood downward 
until ejection took place. The recoil from this movement would throw 
the body headward and cause the hallistic IT wave to be increased in 
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size. We have not performed animal experiments, however, to support 
or disprove this speculation. 

A fourth type of abnormality was encountered most frequently in 
this study. In it the whole ballistocardiogram is so greatly reduced 
in amplitude that the individual waves are hard to identify, and the 
details of form are correspondingly uncertain. The record of patient 
E. K., Fig. 2c, is of this type, and Ave have found similar records in nine 
other cases. 

In addition to these extreme types, Ave have numerous records in 
Avhich an abnormality of impact form Avas confined to the smaller com- 
plexes of the respiratory cycle ; the record of S. K., Pig. 2e, is an example. 

When the records Avere of the early M type Ave calculated cardiac 
output from them in the usual manner, biit Avhen the form is of the 
late IM, or late doAA’ustroke, type, the ordinary criteria for estimating 
cardiac output may not be applied. Rather than use criteria concern- 
ing AAdiose accuracy aa’c have little knoAvledge, A\m have not given a 
numerical value to the cardiac output estimated from any of these ab- 
normal records, so that their data do not appear in the charts. Never- 
theless, the amplitude A\-as usually so small in these eases that Ave feel 
.iustified in the belief that the circulation Avas very subnormal. Nothing 
has been found among these abnormal records AAdiieh is inconsistent 
AA'ith the results to be reported quantitatiA'cly. 

Estimations of Cardiac Ont'pni and Work in Coronary Heart Dis- 
ease . — The statistical analysis is giA'en in Table I. Unfortunately the 
number of eases is too small to permit fine distinctions. 


Table I 

Statistics in Acute Caediac Infarction and. Chronic Anoina Pectoris 





NO. REC- 

1 CARDIAC OUTPUT 

1 h. V. AVORK 
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9, 1 

1 

- 33 % 

5% 

-20% 
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12 

6 
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- 17 % 

- 17 % 

3% 

9% 
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1 

1 ^ 

0 
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8% 

0% 

12% 

1 11% 

I 4% 

Severity ^ 
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L Severe 

6 

16 

1 
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-43% 

-35% 

7% 

1 4% 

-25% 

1 -32% 


In acute coronary occlusion the aAmi’age AAmrk of the heait is iio 
significantly correlated AAUth scA'^erity, as judged bj' the symptoms, 
our surprise, in mild cases there Avas a smaller aAmrage cardiac ou pu 
than in patients Avith more seAmre symptoms. When the data 
cases AA'^ere compared AAuth those of the moderate group, this i eien ^ 
Avas significant, but, Avhen compared with the smaller numbei o seA ei 
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cases DO statistical signifieanoe was apparent. But it mtist lie reiiim- 
liered that complicating factors, such as pain, apprehension, an , 

X into the Lnlts in acute infarction. Also, some patients whose 
disease was classified as mild because the acute 

symptoms at rest had suflered from severe angina of effioit foi manj 
years. Such patients may have had a larger proportion of their myo- 
cardium destroyed than was the case among those who had infarction 
without any antecedent history of coronary disease. Also, data ob- 
tained both soon after infarction and during convalescence are inclndctl 
in the analysis. The group lacks homogeneity, and it is not surprising 
that the statistics are nninf orming. 

The results in the chronic group ivere more in accord with expecta- 
tions, for the average resting cardiac work was directly related to ex- 
ercise tolerance. The difference between the cardiac work when exer- 
cise tolerance is little reduced, and the values obtained when it is 
moderately oi’ greatly reduced, are highly significant, and this state- 
ment applies to the output, also. The difference between the values 
among those with moderate, and those with great, reduction of exercise 
tolerance does not attain statistical significance. 

Considering the data as a whole, one sees that the averages of both 
work and output are far below normal in coronary disease, and they 
are more reduced in the chronic than in the acute stages. Of the two, 
output is more reduced than work. But, as is shown by the standard 
deviations, the scattering of the data is considerable. The averages, 
therefore, do not merit too much attention, and the analysis of individ- 
ual eases gives a more interesting picture. 

Studies in Acute Cardiac Infarction . — By good fortune we examined 
patient E. D. about two weeks before, as well as after, cardiac infarc- 
tion and the results are shown in Pig. 3. Syphilis, never adequately 
treated, had been diagnosed three years before, but there were no clear 
signs of aortic regurgitation, and the diagnosis of arteriosclerotic heart 
disease was preferred. Symptoms strongly suggesting angina of effort 
had been present for a month, and it was thought that cardiac infarc- 
tion might be in the offing ; this led to admission to the hospital, where 
a ballistocardiogram was secured. Two weeks later he had a severe 
attack of substernal pain which lasted about twenty-four hours and Avas 
not relieved by nitrites. PeAmr, leucocytosis, and more rapid sedimen- 
tation of erythrocytes followed, and typical electrocardiographic evidence 
0 recent anterior infarction developed. Six days after this incident 
Ins blood pressure was lower, and a ballistocardiogram sboAved that tlie 
circulation had also diminished; the left ventricular work per minute 

shoArnWr? Estimation.s made during the next few weeks 

shoA ed that the changes m cardiac output and blood pressure were 

Tb! i '^'n directions; the work remained about tlie same 

Tile smallest circulation was found during the fourth Aveek Avhen tho 
on y estimation below the lower normal limit Avas obtained ; at this time 
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the blood pressure had recovered somewhat. After this, uneventful clinical 
recovery was accompanied by increased circulation, hut the original blood 
pressure was not regained, and, at discharge, the left ventricle was cal- 
culated to be doing 20 per cent less work than before the infarction. 

The observations in this case are consistent with those in most other 
cases j the records and data of one such case are given in Fig. 4 In 
Fig. 3 are charted the values for cardiac output and work in the tAventj'- 

Cardiac Output i i i i i i i 

DEVIATION IN% 

♦ 30 - 1 



60 “ 


LV Work 



Symbols o-e.d. e*E.H. a = s.k. ci*h.r. ■ mh- 

©-• H.B. -f • E.C. • • AUL OTHERS 

Pig-. S.^Cardiac output and left ventricular 'event 

after acute cardiac infarction. The date before infarction, or 

are plotted according to the time in <Ja.v£. -4J1 date obtem^ to Ume Values ob- 

later than the eight weeks after it, are plotted without regard to t 
teined from the same subject are connerted rardiac output and 

The horizontal dotted lines indicate tee statisti^l limits of the o 

left ventricular work of normal subsecte. and are placed at a healthv persons 

standard deviation from their mean. The values of So per cent ot neannj 
■will be found within the dotted lines. 
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one cases in Avhicli Ave obtained ballistocardiograms of normal form 
during the eight Aveeks after cardiac infarction. Obviously, both car- 
diac output and Avork tend to diminish during the first four Aveeks; 
this trend Avas absent only in those eases in Avhich Ave found unusually 
loAV values at the first test ; in these the diminution may have already 

taken plaee. . 

After the fourth Aveek, clinical improA'^emeiit Avas accompanied by a 

return of the circulation and Avork tOAvard normal, and all, except tAVO 
patients, Avere discharged in reasonably good condition. Patient E. C. 
died during the first Aveek, and S. K., after restoring his circulation and 
Avork part of the Avay tOAvard normal, failed to hold the gain. The 
clinical course of the latter corresponded to these observations, for 
angina on very little effort confined him to bed on discharge, and, Aidien 
readmitted tAvo months later, he Avas no better. 
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The circulation %vas still far l3elow normal at that time. The patient 
made a good clinical ■ recovery, lighter work was found for him, and 
he worked steadily for the next few years, although he had angina 
after unusual effort. The third ballistocardiogram, taken 20 months 
after the infarction, showed a little improvement in the circulation, 
l)ut it was still far from normal. The gain was not maintained, angina 
appeared after less and less effort, and fifteen months later he ° vas 
discharged as unable to do the work required. At this time the cir- 
eiilation was again found to be extremely subnormal. 

Several points about this experience are illuminating. First, an ab- 
normality of the circulation was discovered early in the course of the 
disease before symptoms were admitted, and well over a year before 
acute infarction was diagnosed. Second, after recovery from the acute 
syinptoms the cardiac output was lower, but very little lower, than be- 
fore. Third, some recovei’y took place, and, finally, this recovery was 
not maintained. Our other evidence on these points will now be taken up. 

The Circulation Early in Coronary Heart Disease . — During 1937 and 
1938, two hundred healthy persons of all ages were examined on the 
ballistocardiograph as part of the stirdy to determine the normal stand- 
ards. Fifty-six of these persons were over 50 years of age. Eleven of 
these persons, all men but onej-proAmd to have hypokinemia. The afte}’- 
histories of these eleven patients are of great interest because five of 
them developed clear evidence of coronary heart disease in the years 
which followed. 

Most of these sub.jects were either physicians or other professional 
persons employed in the Medical School, and none of them admitted 
symptoms when tested in 1936 to 1937. Nevertheless, the obvious con- 
clusion that we had detected an abnormality of the circulation before 
the development of symptoms of coronary disease was weakened by the 
discovery that one subject had failed to inform us of a mild coronai’y 
attack, accompanied by electrocardiographic changes suggesting a small 
infarct, which had occurred two years before. Reticence about such 
ailments is very characteristic of physicians, and it is conceivable that 
the others might have had more trouble than they admitted; moreoveij 
those who were not physicians may have failed to interpret their sen- 
sations properly. Thus we are not certain that a ballistoeardiogiaphic 
abnoimiality preceded the appearance of symptoms, hut it did piecede 
"recognized,” or at least "admitted,” symptoms in several subjects. 

P. D., aged 69 years, udth a circulation of -35 per cent in 1937, had 
mild angina on considerable effort about a year before his death in an 
accident at the age of 73 years. F. G., aged 59 years, who faile o 
admit evidence of infarction in 1935, had a circulation of -39 per cent 
when first examined in 1937. At that time he appeared to be m good 
health, but he has had at least one small cardiac infarct since. JJe 
made a good recovery and is working actively at present. 
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K V., a “healthy” woman, who had a subnormal circulation (rife. 
2i) when examined in 1938 at the ap of 74 years, ^ ^ ’ 

transient, substernal pain on rapid stairclimbing at 
The attending physician believes this to be angina. The 1 c 
tinues to be extremely active for her years; she works for hours at a 
time in her flower garden, and the condition is evidently extremely 

I. G., aged 57 years, was also examined as a healthy per-son in 1937. 
At that time his circulation ivas -35 per cent. The course of the case 
was complicated, and the patient, a physician, was not communicalive 
about his troubles. A renal calculus ivas removed at operation in 1940. 
An infection with Brucella abortis incapacitated him for over a month 
in 1941, and he never altogether recovered his health. Anginal attacks 
were first observed by the attending phj’-sieian about three months be- 
fore death, in 1942. The last illness began with pneumonia, compli- 
cated later by empyema ivliieh ivas surgically drained. lie was rally- 
ing from this when he died quite suddenly. Necropsy showed an in- 
farct of the lateral wall of the left ventricle which w^as judged to be 
several days old. There was marked, widespread arteriosclerosis, in- 
cluding the coronaries. 

Although coronary heart disease has developed in a considerable 
percentage of older persons with subnormal circulations, it has also 
developed in subjects in whom ive failed to demonstrate any abnor- 
mality of the circulation. C. N., a man, aged 48 years when examined 
in 1937, had a circulation of -33 per cent; this is well within normal 
limits, although below average normal. He had tjqiieal cardiac infarc- 
tion in 1941. The course -was mild and he made a good recovery. Six 
months later his circulation was -22 per cent, at the lower limit of 
normal. 

It should also be noted that the circulation of E. D. (Fig. 3) was nor- 
mal during the period of premonitory symptoms that preceded a car- 
diac infarct. 

The Circulation and Cardiac Worlc, Late in Chronic Coronary Dis- 
ease. In Pig. 5 are plotted all the data obtained in the chronic stages 
of coronap^ heart disease. Included in this group are all patients who 
had liad mfarction in the past, irrespective of whether definite angina 
followed It, and aU cases of angina pectoris, irrespective of whether in- 
farction was diagnosed previously; but all values obtained within eight 
weeks after mfarction have been omitted. JIultiple values obtained in 

any one year have been averaged; the results have been plotted accordiim 
to the duration of the symptoms ° 
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part, of the inclusion of three cases of hypertension. Many such patients, 
when the heart is hypertrophied and not failing’, have a higher basal 
cardiac work than normal persons. The fact that the work of such 
hearts, after the development of coronary heart disease, is within normal 
limits does not mean that the work is not less than it was before coronary 
disease manifested itself. To judge such cases we need a separate “nor- 
mal” standard for cardiac work in eases of hypertension, and the data 
are not yet sufficient to supply it. ■ • 

In spite of this difficulty, the tendency for the work of the heart to 
diminish as the disease advances is quite obvious from the data in Fig. 5. 

Angiival-like Attacks With Biliary Tract Disease. — Four of our pa- 
tients who were thought to have angina pectoris also had biliary tract dis- 
ease. Their data have been given an identifying mark in Fig. 5, and 
have not been included in Table I. Each had a long history of attacks 
of substernal pain on exertion, relieved by nitrites. ' In three patients 
the electrocardiogram showed little or nothing abnormal, in one it 
showed the signs of former anterior infarction. In all four eases, the 
ballistocardiogram indicated a profound depression of the circulation. 
In each there was evidence of gallbladder disease, and each had been 
subjected to an operation on the biliary tract, at which time abnor- 
malities were discovered and corrected. In spite of this, attacks ’of sub- 
sternal pain persisted in two of the eases, although in one (S. L.), exer- 
cise tolerance was improved after the operation. In the third ease, 
anginal-like pain began several years after the operation. The fonrtli 
patient had had no pain since her operation, but she was last seen only 
a month later and had taken no exercise. 

The diagnosis of angina might be challenged in these cases, and, in- 
deed, there is never any objective proof of this diagnosis, even at 
necropsy. But the extraordinary abnormality of the circulation, namely, 
-39 per cent, -52 per cent, and -48 per cent, respectively, in three of the 
cases, and the abnormal form of the fourth ballistocardiogram (Fig. 2g) 
indicated a definite abnormality of the cardiovascular apparatus in these 
patients. That this abnormality may have been directly related to the 
biliarj’’ tract disease was suggested by the reproduction of anginal-like 
pain and circulatory depression when fluid was injected into the common 
duct in one case.® Evidently we are learning more about the association 
of angina with biliary tract disease, an association which has long been 
recognized by clinicians. 

DISCUSSION 

Physiologic Considerations in Acute Myocardial Infarction.— 

Adaptations to the disability : Although normal values for cardiac 
output were found frequently during the first week after infarction, 
at some time between the second and the fifth week subnormal valnas 
were present in almost all of our eases. Enough experience is available 
to convince us that simple rest in bed, on a restricted diet, will not cause 
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changes of this magnitude. Thus the lij^pokinemia ina}' well be an 
adaptation to the cardiac disability which re.sults from infarction. 
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liy diminishing the output of blood or the resistance to this output, i.e., 
the general blood pressure, but there are theoretical disadvantages in so 
doing. Diminution of circulation has long been believed to favor intra- 
vascular clotting, so that compensation by this means would favor the 
formation of mural thrombi when the endocardium was involved, and 
so lead to embolism. One might also suppose that a sluggish circulation 
would favor extension of the coronaiy thrombus, but one of us (Wood) 
has examined the necropsies in a large number of cases of cardiac in- 
farction without obtaining evidence that extension of this thrombus had 
ever occurred. 

To diminish the work of the heart by reducing the blood pressure 
courts trouble in another direction, for the diastolic pressure is the 
main driving force of the coronary circulation, and to decrease it too 
much might put that circulation in jeopardy at a time when its adequate 
maintenance is vital. 

Eiddently, patients with cardiac infarction must steer a course lie- 
tween dangerous alternatii’es, and not all of them take the method which, 
in the light of present Imowledge, seems most promising. 

The results olitained in one ease (H. G., omitted from Fig. 3 because 
of abnormal ballistic form) differ from our other experiences. Tliese 
records are reproduced in Fig. 2 d. These records, taken simultaneously 
ndth an electrocardiogram when cardiac pain was present four days after 
the acute cardiac infarction, show auricular fibrillation with a ventricu- 
lar rate of 130. Although any estimate of tlie circulation is rendered less 
accurate by the varying abnormalities of ballistic fonn which always 
occur ivith auricular fibrillation, there is no doubt that the cardiac output 
and work were far above the normal for a man of this age and weight. 
Normal rhjdhm was resumed spontaneously, and a second record was 
obtained five weeks later. This ballistocardiogram is characterized by 
extraordinary H waves of the early M type. Again the circulation, 
although smaller than before, rvas still above normal, but the work liad 
diminished to a level within the normal range. Six montlrs later this 
patierrt died of liver abscess and septicemia; necropsy demonstrated the 
old infarct in the anterior part of the left ventricle. 

In this ease, during the acute sjouptoms, the work of the heart was 
increased. Factors which might stimulate the circulation after cardiac 
infarction are pain, apprehension, and fever. These might explain the 
hjqierkinemia in the first of these tests, but not in the second, when 
convalescence Avas ivell established. Therefore, one can hardly deny the 
possibility that other factors Avere at Avork. 

The question AAdiy, in this ease, the Avork of the heart Ava.s increased 
is related to the question Avhy, in other cases, it AA^as not deerea.sed. 
E. C., our only patient to die during the first Aveek, gave normal values 
for both cardiac output and A\'ork AAdien tested three days before death. 
A large infarct on the posterior surface of the left A^entriele Avas demon- 
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strated at necropsy. One wonders why more rest was not proyidcd ioi 
this heart. This patient, however, had suffered from diabetes an 
moderate hypertension for many years. The 

infarction was within normal limits, so that considerable reduction in 
work of the heart may have taken place before our test was made. 

Studying Pig. 3, one wondei-s why it took several weeks for some pa- 
tients, e.g., E. H., to reduce their work to a minimum, ^o answer can 
be given to this question, but it should be recalled that the niaximal 
physiologic adaptation to the lower oxygen supply at high altitudes re- 
quires several weeks. Perhaps when the tissues lack oxygen because oi. 
diminution of the circulation, time is required for full adaptation. 

Another factor in this slow reduction of work is the behavior of t le 
blood pressure. That blood pressure diminishes after cardiac infarction 
is well known, and no detailed description of our data is required. Sub- 
normal values were found soon after the infarction in some cases; in 
others a much more gradual decline occurred. This reduction did not 
always run parallel to the diminution of cardiac output, and so was 
not the result of change in the latter. It should be considered another 
adaptive mechanism. 

Relation of cardiac work to pain: The case of H. G., cited previously, 
and other examples in Pig. 2 provide many instances in which pain after 
infarction subsided as the cardiac work diminished. This raises the ques- 
tion of a casual relationship, such as is commonly believed to exist in 
simple angina of effort It seems proper to suppose that cardiac work is 
a factor in the pain of infarction, but other factors must operate also. 
The disappearance of pain in some cases was not accompanied by any 
diminution of work that we could measure. Destruction of sensoiy 
nerves in the involved area, development of collateral circulation, and 
other processes of healing doubtless play a part in the relief of pain. 

The ivork of the heart and the elecU-ocardiogram : Since exercise will 
sometimes bring out electrocardiographic changes suggestive of coronary 
disease which are absent at rest, we sought for a correlation between the 
cardiac work and the changes in the electrocardiogram which took ill ace 
during the subsidence of symptoms of infarction. We were unable, how- 
ever, to demonstrate that any constant relationship existed. 

Physiologic Considerations in Chronic Angina- of Effort. — -When our 
results are^ arranged according to the duration of the symptoms of 
coronary disease (Pig, 5), they give a viewpoint concerning the course 
of this disease. The general picture loolrs much like that of the closely 
related peripheral vascular diseases, i.e., a chronic course with a slow 
trend downward which may be hastened by acute vascular occlusions but 
a so may be interrupted by periods of considerable recovery of function. 

Our data also show that patients with angina may be divided into 
three mm groups: Thoee rrith norural circulatio,,. those tvHh hypo 
kinemia, and those whose pattern of cardiac ejection as demonstrifo^ 
by distorted ballistic form, is abnormal. We have eiamined our dlta 
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to discover whether or not these physiologic differences were accompanied 
by any variations in the clinical manifestations. 

Gases of angina in luhich the circulation is normal: We have en- 
countered two patients who have had angina pectoris for over five years 
whose cardiac work was normal Avhen they were at rest, and, in one,* both 
cardiac output and work were normal. The latter (W, T.), a man, 63 
years of age, had had angina for 14 years, and remained employed as a 
guard all this time. In 1940, he developed very mild congestive failure, 
but recovered promptly on rest and digitalis. At present his heart is not 
enlarged as seen roentgenographiealJy, his blood pressure is normal, and 
his electrocardiogram shows little abnormality. Certainly this patient 
has done very well. 

The other patients with chronic angina whose circulations are well 
within the normal range, omitting those at the lower limit of normal, 
include a man, K. N., aged 33 years, -who made an excellent recovery 
from a severe infarction about two years before ; at present he is working 
hard and has no angina after any ordinary effort. Also in this group 
is D. B., a man, aged 60 years, who at the time of examination seemed 
to have completely recovered from the effects of a mild attack of in- 
farction two jmars before, and, at present, tliree years later, is working 
hard and in good condition. Another with a normal circulation was 
M. F., a man, aged 65 years, wdio Avas still in the first year of his symp- 
toms, and more incapacitated by nervousness than by angina. Finally, 
there ivas M. L., a woman Avith moderate hypertension in the fifth year of 
her symptoms, who came to the hospital for relief of a pain Avhich Avas 
probably not cardiac in origin. NeA'ertheless, AAdiile in bed on the Avard, 
she had an attack of substernal pain Avhich Avas thought by the intern, 
Avho observed it, to be angina caused by excitement. If this is the cor- 
rect interpretation, this is the only patient Avith angina and a normal 
circulation udiose angina aa^s not very mild. 

Cases of angina in luhicli there ivas marked hypokineniia-: Fig, 5 sIioaa's 
data from fifteen patients Avhose circulation aaus -30 per cent or less. 
Nine of these had anginal attacks Avhile in bed in the hospital. Four 
others developed congestive failure during the course of their disease. 
One, I. Z., Avho could Avalk only a city lilock Avithout pain Avhen this ex- 
amination Avas made, has since groAvn Avorse, and her ballistocardiogram 
is noAv abnormal in form. The patient aaIio seemed in best condition 
had cholelithiasis, and there Avas some doubt about the diagnosis of 
angina. 

Cases of angina in tvhich the ballistic forms luere abnormal: Among 
these Avere found our most seriously ill patients. One died a week 
after the record Avas taken, and another Avithin a feAA^ months. One pa- 
tient’s angina Avas so severe that paravertebral nerve block Avas per- 
formed to give relief. Another, aa'Iio also had diabetes and hypertension, 
Avas having attacks of angina Avithout exertion. Another, I. Z., Avhose 
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ballistic lorm became abnormal as her exercise tolerance diininisbcd, Inm 
been mentioned. Still another, E. Q., has had angina for ten jears, 

recently complicated by a nlerinc carcinoma. . , . „ 

Summary. —Whan the patient has a normal circulation the disease 
tends to be mild; patients Moth liypokineniia but noianal ballistic form 
tend to be more incapacitated; and those with an abnormal ballistic form 
are by far the most seriously ill. 

The Ballistocardmjram. Compared With the FAcdrocardwf)ram.-—y> c 
have been so often asked to compare these two methods of examination 
that a few words on this subject seem in order if wc limit the di.scn.ssion 


to our experience with coronary heart disease. 

As anyone with Iviiowlcdge of the fiindanicntals of these iiistiu- 
ments would expect, they measure entirely different properties of the 
lieart, and each can detect tj^ies of abnormality which c.scape the other. 
For example, in the first week after cardiac infarction the electrocardio- 
graphic abnormalities are at a maximum, "whereas the ballistoeardiograph 
reveals nothing abnoimal in some cases. Tliis situation is often reversed. 
iUthough they are not the only examples, the three ]iaiient.s with 
anginal-like attacks and also biliary tract disease, previously discussed, 
whose electrocardiogram showed little or nothing and who.se ballistic 
records were profoundly abnormal, may be recalled. 

Apparently the electrocardiogram most easily detects localized lesions 
when they are in a position to upset the balance of the electrical ]')otenlinl 
which is obtained b}’- leading from the body surface. But, as is .shown by 
the small and inconsistent changes wdiich occur in the electrocardiogram 
after exercise, changes of function which affect the heart as a whole are 
not well detected. On the other hand, the ballistocardiogram, which is 
tremendously influenced by physiologic changes, such as exercise, ivill 
easily detect conditions affecting the lieart a.s a whole, whereas the local- 


ized lesions, probably involving onh* a small fraction of the heart muscle, 
may not disturb function enough to influence records of rc.sting sulijccts. 

It must always be remembered, hoivever, that the fact that the circula- 
tion is subnomal is not valid evidence that the heart is diseased. A 


major interest of workers with the ballistoeardiograph is the study of the 
noneardiac tj^es of circulatory abnormalities which arc at present not 
detected by any other objective clinical method. Only when the form 
is abnormal does the ballistocardiogram give unqualified evidence that 
the heart itself is functioning abnormally, and abnormalities of form are 
found in only a small proportion of records of cardiac eases. 

Clinician.s must learn to view measurements of the amount of the 
circulation ni much the ivay that they now regaz-d estimates of blood 
pressure. One must not expect to diagnose the anatoniie lesions found 
at autopsy, although the ballistic records may add to the evidence from 
which the presence of such lesions may be inferred. Tlie function of the 
ballistocardiogram is to estimate how such lesions are affecting the ability 

fimetion.^^^ treatment upon lliis 
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The Utility of the Ballistocardiogram in the Diagnosis of Coronary 
Heart Disease.— Some mention must be made of tlie utilitj^ of the ballisto- 
cardiogram in the diagnosis of coronary heart disease, for, although final 
conclusions are hardly warranted, tentative conclusions are. In the aeiite 
period immediately after infarction, the ballistocardiogram is too ■\’'ari- 
able to give much support to this diagnosis. In the examination of pa- 
tients with chronic coronary disease, it is much more valuable. 

We have found only one case of chronic coronary heart disease in 
which the circulation was above the expected normal average; that 
patient, TC. K, a young man, might be said to have almost completely 
recovered from a previous infarction. Thus, if the circulation is above 
the average normal, the chances of chronic coronary disease would 
seem to be remote. 

In the diagnosis of angina pectoris, so much depends on the pa- 
tient’s statements that one is often misled by his failure to mention 
former illnesses or his misinterpretation of important symptoms. Ad- 
ditional evidence of an objective character is often Amry welcome. The 
ballistocardiogram provides this in the great majority of instances, 
either by disclosing an abnormal impact form, or by giving evidence 
of subnormal circulation. Other pathologic processes may cause sim- 
ilar ballistic changes, but these can usually be easily identified. A sub- 
normal cireulation in a patient over 50 years of age Avithout obAUous 
signs of organic heart disease, cardiac arrhythmia, congestive failure, 
endocrine disease, or hypertension, Avho is not convalescent, moribund, 
or in shock, should lead one to suspect coronary heart disease. The 
patients Avitli essential liypokinemia or neurocircnlatory asthenia, Avho 
also have a subnormal circulation without any other abnormalities that 
are demonstrable by the clinical methods in ordinary use, are usually 
younger persons. 

Besides giving aid in diagnosis, the ballistocardiograph permits cal- 
culation of the cardiac work, and therefore the measurement of its 
strength or Aveakness by a method more direct than the usual elinieal 
techniques. Weakness of the heart may manifest itself in more than 
one way. In one type the work per minute diminishes ; in another it 
is maintained, hut only by draAving on the cardiac reserve. In preAUons 
investigations^^’ we studied both the size of the heart and its Avork; 
cardiac enlargement out of proportion to performance per beat Avas 
found to be characteristic of patients Avho had had, or Avere threatened 
with, congestive failure. In these the AVork per minute Avas often nor- 
mal. In coronary heart disease the Aveakness Avas not of this type, an 
observation that Ave have confirmed in this investigation, for urn have 
roentgenologic CAudence of the size of the heart in the great majorify 
of our cases. As is Avell knoAvn, cardiac hypertrophy and dilatation 
are not characteristic of such cases; perhaps the Avidespread coronary 
damage prevents the employment of these resexwes. In a majority of 
the eases of coronary disease, the Avealtness is manifested by a reduction 
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of the basal work per minute. Our evidcneo sufifie.sls Hint Hit ixtuit 
of this abnormality is a measure of (be seventy of Hie (lisoaHO. 

SUAIAIARV 

Ballistocardiograms were made 106 times on 55 patients with eoro- 

narv heart disease. _ , ‘ji . 

Ill the acute period after infarction Hie circulation ma>Jic eit lei 

normal or below. If normal, it tends to dimniisli. and 
a minimum below the normal limit between Hie Hurd and fittli ueelv. 
Later, recovery sets in. The left ventricular work, as calculated irom 
the cardiac output and Hie blood pressure, follows a generally similar 

In chronic coronary heart disease, with angina of eflort, the circula- 
tion is subnormal in Hie groat majority of cases, and tlic ballistocardiu- 
gram provides objective evidence to support, the diagnosis. 

Abnormalities of the form of Hie ballistocardiogram are fref]ucntly 
encountered in coronary heart disease, nsnnlly when the patient lias 
greatly reduced exerei.se toleranec. 
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THE ANATOMIC CAUSE OP ELECTROCARDIOGRAPHIC 
CHANCES IN VIRUS MYOCARDITIS OP RABBITS 

John Musser Pearce, M.D., Brooklyn, N. Y.,'and 
Harold D. Levine, M.D., Boston, Mass. ' 

pOR many years there has been a clinical concept of the debility of 
1 the cardiovascular system resulting from or aecompanjdng a number 
of acute infectious diseases. Of these, perhaps diphtheria, influenza, 
and scarlet fever are followed most commonly by instability of the 
circulatory system that is evidenced mainly by subjective symptoms, 
but occasionally by abnormalities of heart rate or blood pressure and 
transient alterations in the electrocardiogram.^-^ For these there has 
never been any well demonstrated anatomic cause. A variety of other 
diseases, chief among which are many of the virus infections of man, 
are also said to be accompanied by myocarditis. Measles, mumps, 
smallpox, yellow fever", psittacosis, certain pneumonias, and acute in- 
fections of the upper respiratory tract have been implicated.^ In most 
instances the evaluation of the disturbed cardiac condition rests solely 
on clinical and electrocardiographic observations, but even in those 
cases ill which necropsy is done there is seldom the possibility of cor- 
relating the electrocardiograms with the inflammatory lesion in the 
myocardium. 

This situation has resulted in two points of view. On the one hand 
there is the opinion that the subjective symptoms of cardiovascular 
incompetence and the transient deviation of the electrocardiogram from 
the normal pattern are the result of some toxic influence which alters 
the dynamics of the heart without causing any morphologic change, 
whereas, on the other hand, there is the more conservative opinion that 
true inflammatory lesions exist in the myocardium of the abnormally 
functioning heart. 

In rheumatic fever, also, although the cause of this disease remains 
obscure, the cardiac involvement which occurs in the early and acute 
stages is often manifested, among other ways, by changes in the elec- 
trocardiogram. The correlation of these changes with morphologic 
alterations in the heart is almost invariably precluded by the recovery 
of the patient, or at least by his continued survival and the evolution 
of the acute lesion into the so-called "chronic rheumatic heart. 

A method of elucidating these obscure states and the possibility of 
explaining them by visible anatomic alterations, if only by analogy, 
has recently arisen in the demonstration of the various cardiac lesions 
which occur in rabbits during the course of viims infections. It las 
been shown^’ that rabbits inoculated subcutaneously or intratesticu- 
larly with a variety of filtrable viruses develop cardiac lesions wlueii, 

From the Department of Pathology, Long Islanfl College of Medicine, The Ho 
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when the animal has been subjeeted to suitable preparatory procedures, 
are severe and extensive. . The lesion is predominantly a myocarditis, 
regardless of the nature of the infecting virus. 

The present paper consists of an electrocardiographic .study of some 
of these experimentally induced Aurus infections, both in the initial 
stage of the acute infection and in the .stages of recovery, inade in aii 
attempt to show that the abnormality in the electrocardiogram i.s de- 
pendent upon structural changes and visible lesions in the heart. 


AIETHOD . 

Virus myxomatosum, pseuclorabios virus, vaccine virus, virus ITT, and Shopc’s 
tumor strain and Andrewes’ inflamtnatorj’ strain of tlic fibroma virus may produce 
a specific myocarditis in rabbits when inoculated pcriplicrally.s The frequency and 
severity of the myocarditis arc markedly increased if the animal is subjected to 
some procedure ivhich is designed to produce a transitory alteration in the dy- 
namics of the circulation. Since the simplest and most successful of these proce- 
dures is the intravenous injection of approximately 50 c.c. of 20 per cent gum 
acacia solution immediate!}' before the intratcsticul.or inoculation of the virus, this 
method mas used in the present investigation to produce the cardiac lesions. 

Virus III®, r and Andrewes' inflammatory strain of the fibroma virus®, » were 
the infecting agents of choice because neither of these viruses is suilieiently virulent 
to kill; yet infection with each results in a high incidence of cardiac involvement. 


Tabi.e I 

Correlation of Acuteness of Infection,* Ei,ectrocardiogr,u’Jiic An.vop..MALiTiE.s, 
AND Myocarditis in I?,vbbits Inoculated AVitii Virus 111 


rabbit 

NUMBER 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 


TIME OP 
ELECTRO- 
CARDIOGRAJCf 

FEA-ERAND 

ORCHITIS 

ELECTROCARDIO- 

ORAPinC 

abnormalities 

2-9 

Present 

Marked 

2-9 

Present 

Slight 

2-9 

Present 

Absent 

2-9 

Present 

Absent 

3-13 

Present 

Marked 

3-13 

Present 

Marked 

3-13 

Present 

Marked 

3-13 

Present 

Absent 

14 

Present 

Moderate 

14 

Present 

Moderate 

14 

Present 

Absent 

14 

Present 

Absent 

14 

Absent 

Absent 

14 

Absent 

Absent 

14 

Absent 

Absent 

14 

Absent 

Absent 

14 

Absent 

Absent 

14 

Absent 

Absent 

14 

Absent 

Absent 

20 

Absent 

Absent 

20 

Absent 

Absent 

20 

Absent 

Absent 

24 

Absent 

Absent 

24 

Absent 

Absent 

24-26 

of infr>r»finM 

Absent 

1 . 

Marked 


MYOCARDITI.S 


^larked 

Moderate 

Marked 

Aloderate 

Moderate 

Moderate 

Marked 

Slarked 

Moderate 

Absent 

Absent 

Absent 

Absent 

Absent 

Absent 

Slight 

Slight 

Slight 

Absent 

Absent 

Slight 

Slight 

Slight 

Slight 

Marked 


rfcordfwereTadf thFpSP® sepirltef br^hypITen'^ mXate 'that Sai 
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All of the rabbits were young males weighing between 1,500 and 2,500 grains. 
They were not selected as to breed or strain and were acquired from several sources. 

Approximately 50 c.c. of 20 per cent gum acacia solution in distilled water or 
physiologic saline were injected into the marginal ear vein of each of 46 rabbits. 
Immediately thereafter 25 of these rabbits were inoculated in each testis with 
0.5 c.c. of a 5 per cent suspension of virus III infected testis and 21 were similarly 
inoculated with 0.5 c.c. of a 5 per cent suspension of inflammatory fibroma in- 
fected testis. The suspensions which w'ere used for inoculation were prepared by 
grinding an infected testis, excised during the acute stage of the disease, under sterile 
conditions, with sand and a small amount of 0.85 per cent salt solution in a mortar. 
The resultant paste was then diluted to 5 per cent with additional salt solution. 

In all of the experimental animals, successful infection was evidenced by an 
elevation of temperature and obvious enlargement and induration of the inocu- 
lated testis. 

The method of obtaining electrocardiograms has been described in detail in a 
preceding publication.io It consisted of using the three conventional limb leads, 
and, in addition, a left chest and a right chest lead. Tracings were made daily 
or on alternate days on 15 rabbits in the virus HI infected group and on 7 rabbits in 
the fibroma infected groups during the stage of the acute infection, which was 
considered to be the period from 2 da 5 '^s after inoculation through the ensuing 9 
to 14 days. Electrocardiograms were taken on the remaining 10 rabbits in the 
virus III group at intervals of 14, 20, or 24 days after inoculation, and, on the 
remaining 14 rabbits in the fibroma gi'oup, 14, 24, 31, and 37 days after inocula- 
tion (Tables I and II). 

Table II 


Correlation op Acuteness op Inpection,* Electrocardiographic Abnormalities, 
AND Myocarditis in Babbits Inoculated With the Inflammatory Fibroma Virus 


rabbit 

number 


1 

2 

3 

4 

5 

6 
7 
S 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 


TIME OP 
ELECTRO- 
CARDIOGRAJlt 


4- 

14 

14 

14 

24 

24 

24 

24 

31 

31 

37 

37 

37 

37 

37 


3-10 

3-10 

3- 10 

4- 14 
4-14 
4-14 

14 


FEVER AND 
ORCHITIS 


Present 

Present 

Present 

Present 

Present 

Present 

Present 

Absent 

Absent 

Absent 

Absent 

Absent 

Absent 

Absent 

Absent 

Absent 

Absent 

Absent 

Absent 

Absent 

Absent 


ELECTRO- 

CARDIOGRAPHIC 

ABNORMALITIES 


Absent 

Absent 

Absent 

Absent 

Absent 

Absent 

Absent 

Absent 

Absent 

Absent 

Absent 

Absent 

Absent 

Absent 

Absent 

Absent 

Absent 

Absent 

Absent 

Absent 

Absent 


*See footnotes to Table I. 


MYOCARDITIS 


Marked 

Moderate 

Absent 

Marked 

Slight 

Slight 

Absent 

Absent 

Slight 

Slight 

Slight 

Moderate 

Marked 

Absent 

Slight 

Slight 

Slight 

Slight 

Slight 

Slight 

Absent 


Tracings taken on 9 of the virus HI infected rabbits before the 
the disease, together with the previously published senes o electro- 

on normal rabbits, served as controls. Any possibility o an e ec o , 
cardiogram brought about by the large intravenous injection acacia 
precluded by the fact that many of the experimental animals which had 
acacia, as well as virus, showed no abnormality in the electrocardiog 
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ubsencc of effect of ucaciii alone M-as fnrtl.cr .■onnm.e.nu rabl.H. by Iracinu^ 
tlie heart and the evidence of its functional state. 'I'l.ose 

studied at a later period, when all clinical lunnifeslat.ons of infection had .Mib- 
sided, M-ere frequently not hilled until .several day.s after the last tn.e.n« had been 
made. It seemed probable that, after the lonR interval folloiviiiK inoculation ani 
cardiac le.sions which might have persisted would bo in the nature of a tibrons 


scar which could change but little. _ , , , 

The hearts were lixed intact in Zenher’s solution and then tninined by lo''"*' 
tudinal section info blochs, which included all four chambers and valves. Ibis 
method, described in detail in a previous paiier,^ mahes possible, the histologic 
study of all parts of the heart in their normal relutinnshi}i. 


Iti;SUbT.S 


In the normtil rabbit electrocardiogram'" lliere arc iiiiirkod .‘;i)onln- 
neons changes in the i'orm, voltage, and direction oi some ot its t.’om- 
ponents. Transient rcver.sal of the T Avavc in Lead.s J or 111 ttnd in 
the chest lead.s is frequently observed. T.j, however, is constantly nj)- 
right, .so that inversion of T.^ can he used as a criterion of significant 
abnormality. Slight IJS-T .segment deviation.s, never exceeding one 
millimeter, are frequently enconnlered. The I’-R interval novoi* ex- 
ceeds 0.10 see., and the duration of the QKS complex never exceeds 
0.04 .second. Ahiiormal rhythms arc not seen in the normtil animal. 
Hence prolongation of tlic P-R intcrvsil beyond 0.10 second and the 


inception of abnormal rhythms can likewise be regarded jis criteria of 
significiint dysfuuetion. 

The results of the experiments with virus 111 arc shown in Table L 


It is evident at once that significant changes in the clectroeiirdiogram 
occur, as a rule, only wlieii a marked anatomic alteration is present 
in the myocardium, but tJiat iiofh minor and severe le.sions mtiv exist 
without bringing about any noteworthy alteration in the tracing. Rab- 
bits 1 to 8, Avhich Avere inoculated tvith acliA'c virus, developed well- 
marked and widespread necrotizing and inflammatory cardiac le.sions, 
as Avell as definite clinical evidence of disease. Five of these 8 animals 
also had significant alloralion.s in their cloctroeardiograms. Tlic most 
sm-ions of these Avas transient, complete tiuriculoventricnlar lieart block 

( ng. 1, rabbit 7), or transient RS-T segment deviation of more than 
one millimeter. 


(rabbit 0 on Avhieh sucli tracings were obtained ilhistrate the tvpe of 
esion in the myocardiinn. The moi-phology and localization of those 
ardme lesions have been described in eonsideralile detail in a previous 




(S<!0 (lonllniKinon and huicnd on opjiosltn t>ae/o.) 






Fig. 2. — Section.s of the myocardium 7’ replacing fibers. 

A. Collection of leucocytes in the myocardium between and and eosin, 

The exudate is concentrated at the margin of an ai teriole. Hema „ ^‘"^oxylin and 
X150. S. Diffuse ieucocytic infiltration and myocardial necrosis. He > 
eosin, X150. 
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clinical evidence of persisting infection. The majority of the liearts 
contained the small scars and focal collections of lymphocytes that are 
characteristic of a previous myocarditis, hut in one, 25, the myocardial 
fibrosis and lymphocytic infiltration were extreme. This rabbit, 25, 
was the only one of the entire group in which the electrocardiogram’ 
was abnormal When the record was first obtained, 24 days afte^i’ in- 
oculation, it showed paroxysmal auricidar tachycardia with partial 
heart block (P-R interval, 0.12 second). Two days later normal rfijlhin 
had returned. 

As shown in Table H, infection ndth the fibroma virus failed to bring 
about significant alteration in the electrocardiogram, even in those ani- 
mals whose hearts contained lesions which could be demonstrated ana- 
tomicallj’' to be extensive. 

DISCUSSION 

The outstanding observation Avhich can be made from the results of 
these experiments is the definite association of electrocardiographic 
abnormaKty wdth anatomic alteration. In other words, a morphologic 
cause of abnormal function is again demonstrated. In these infections 
of the rabbit, at least, the concept of toxicity, i.e., of some hypotheti- 
cally intrinsic pharmacologic action of disease on the heart, as the 
cause of the abnormality of the eleetroeardiogram becomes unsatisfae- 
toiy and untenable. With one exception, a significant variation from 
the normal rabbit electrocardiogram never occurred in the absence of 
Iiistologically demonstrable myocarditis. This one exception, however, 
is not disturbing because it is easily conceivable that a small but lo- 
cally severe lesion might occur in some part of the cardiac conduction 
system and yet be missed in the comparatively gross anatomic examina- 
tion. E-ather, it is surprising that there were not more animals with 
minute but significantly placed lesions which escaped observation but, 
nevertheless, changed the pattern of the electrocardiogram. 

The value of the electrocardiogram in this type of disease is well 
showm by the fact that in the series of tAventy-five animals there iveie 
only three in ivhich the anatomic lesion in the heart Avas more than 
slight on which the diagnosis could not haA'e been made by the abnoi- 
mality of the tracing. This number represents a positive diagnostic 
accuracy of 88 per cent, a figure AA^hich compares Avell Avith other ni- 
direct methods of clinical examination. If the one rabbit (10) in A\hic i 
an electrocardiographic abnormality Avas encountered in the absence 
of a demonstrable lesion is included, the total diagnostic accuracy le 

mains at the high figure of 84 per cent. ^ 

It is at first glance surprising that the animals inoculated aa i ^ 
inflammatory fibroma Aurus failed to deAmlop any demonstiab e 
ularity in cardiac function. Reference to Table II, hoAACAei, ® ® ‘ 
that even in those rabbits which Aimre studied during the acute s a® 
of the disease, Avhen fever and orchitis existed, the myocar i is a\<* 
marked in only tAvo instances. With this Aurus in the present , 

experiments, the lesion in the heart Avas more often an inters i 
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proliferation of fibrous tissue, .vitli little of the acute 
exudative, and necrotizing reaction. The fonncr type of lea . I ^ 
the structure of the muscle fibers, especially the conducting mechanis , 
so that no electrocardiographic abnormality may be expected, li tins 
explanation is true, and since these animals were studied during t le 
acute febrile period of their disease, the theory of toxicity as the cause 
of cardiac dysfunction again breaks down. 


SUSIMARY 

Electrocardiographic studies were made on 25 rabbits which had 
been inoculated intratesticularly with virus III. During the acute stage 
of the resulting disease, the majority of these animals developed a 
histologically demonstrable myocarditis, and, after recovery from the 
infection, small scars were found in the myoeardiiims of manjL Defi- 
nite abnormalities in cardiac function, jncliidiiig complete auriciiloveii- 
tricular heart block, Avere demonstrated in the electrocardiogram dur- 
ing the period in which the acute myocarditis existed. The electro- 
cardiogram failed to show the presence of a noteworthy myocarditis 
in only 3 animals, and in only one instance was it impossible to demon- 
strate myocarditis udien the tracing rvas significantly altered. The 
electrocardiographic diagnosis was thus accurate in 84 per cent of the 
eases. This association of the abnormal electrocardiogram with the 
structural lesion in the heart leads to the conclusion that, in this dis- 
ease of the rabbit, disturbed function is caused by actual lesions, and 
not by the toxicity of the disease. 

Tiventy-one rabbits Avhieh ivere inoculated intratesticularly with 
Andrewes’ inflammatory strain of the Sliope fibroma A’inis ivere studied 
similarly. Although in the hearts of a few of Ihese animals interstitial 
myocardial fibrosis occurred, the muscle cells escaped for the most part, 
and in no animal Avas any abnormality in the electrocardiogram dem- 
onstrated. 
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EEPOET OP A CASE OP COE BILOCULAEE WITH 
PEESISTENT TEUNCUS AETEEIOSUS 


Eobin P. Michelson, M.D., San Francisco, Calif. 


^OE biloeiilare with persistent truneus arteriosus was first described 
^ by Preisz,^ in 1890. However, it was first fully described and 
studied by Abbott and in her series of 1000 eases of congenital cardiac 
disease it occurred nine times. The average duration of life in this 
series was three and three-fourths years. The patient who lived the 
longest attained the age of thirty-six, and was reported by Carr, 
Goodale, and Eoekwell,® in 1935. The latter case of cor biloeiilare with 
persistent truneus arteriosus was similar in several respects to the 
present one and occurred in a male who, during his entire life, had a 
low cardiac reserve and was not cyanotic until a single period of 
strenuous exertion. Cyanosis then developed and gi-adually increased, 
and he died with congestive failure. The heart in this case was hyper- 
trophied, and there was a single, large arterial channel arising from the 
right ventricle which was guarded by a semilunar valve with two cusps. 
The pulmonary arteries were exceptionally large and arose just above 
the valve. Directly beneath the arterial ring and valve there was a 
large interventricular septal defect. 

Benjamin, Laiidt, and Zeek^ I’eported a case of ivhat was functionally 
a biloculate heart with a single arterial channel. Their patient, how- 
ever, had an atretic right ventricle and pulmonary artery which, they 
believed, did not function. However, their specimen was incomplete in 
that the ductus arteriosus was not available for examination. 

During* the fourth week of intrauterine life a small ridge develops on 
the anterolateral surface of the common ventricle. At the same time a 
similar ridge develops in the truneus arteriosus, wdth four bulges at 
the base of this vessel. The bulbar septum divides one of these bulges, 
so that there are three to each trunk which become aortic and pulmonaij 
valves. The ventricular seiituni and bulbar septum then fuse. 

The present case is presented not only because of the raritry^ of this 
anomaly, but because of the apparently unusual fact that cyanosis oc- 
curred only shortly before death. The single arterial channel in tins 
case had three well-developed semilunar cusps, and, aceoiding to some 
of the earlier authors, this would not be a true ease of coi 
■with persistent truneus arteriosus. However, according to o > 


From the University of California, DeparOnent of PatholoCT' at tiie San Pianci.c 
Hospital, and the Coroner’s Office, City and Coimtj of San Fiancisco. 


Received for publication July 21, 1941. 


112 



MICHELSON: COK BniOCUEAKE 

several well-autlieiiticated cases ivitli three cusps or oven less liavo ))ecn 
reported. 

cukic.-Uj lifeusif: 

The patient was a thrcc-day-old '\v1ntc ninlo, iinrn in tlie f'un 3'raiu'ispo County 
Hospital. Ho was delivered liy internal podalic version and extnii’tinn, and .at 
the time of birth weiglicd G pounds, Si/i ounces. The infant breathed Sjumtaneously ; 
the color was described as good, and it was not cyanotic. Ho abnornmlitics were 
noted at the time of delivery. On the .'-•econd day jifter delivery, the baby w.as 
transferred to tlio Isolation Bcpnrtmcnt because of a small imjieliginnns lesion 
on the upper lip. Physical examination at that time by the pediatric resident 
revealed a small, newborn infant who was crying lustily and appeared (piite lumllliy. 



^—viagrnm of Krcater amt !e.s.ser circulation. 

No murmurs were heard Tim r ^ ^ of Rood nualitv 

extremities were noted to be slirf.tlf evannr the 

tlie infant became extremely cLiotlc breoH { ” ^’>■'>•'1 

cuHy, and died suddenly. ^ ^ "-ith great rapidity and difU- 
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AUTOPSY OBSERVATIONS 

Tlie autopsy was performed at the .Coroner’s Office of the City and County of 
San Francisco by the author. Tlie body was that of a small male infant which 
weighed slightly less than six pounds and showed no external abnormalities. The 
lungs were only partially aerated, with numerous areas of collapse and edema. 



Pig. 2. — A. Anterior view of heart, black arrow indicating incompletely developed, 
nonfunctioning left auricle. White arrow and white line indicate direction of systemic 
blood flow. 

B. Superior view, showing enlarged common auricle with truncus arteriosus and 
pulmonary artery. White arrow indicates direction of blood flow ; black arrow indi- 
cates pulmonary veins. 

G. The heart opened up, showing the direction of blood flow and the semilunar 
valves at the base of the truncus arteriosus. 



Q. 


Fig. 3. — ^Drawing: 1. Pulmonary veins, 
sus. 4. Semilunar valves. 5. Common 
developed left auricle. 7. Common auricle. 


2. Pulmonary artery. 3. Truncus arterm 
ventricle. 6. Nonfunctioning, incompicie > 
8. Vena cava. 
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The pulmonary arterial vessels were heavily congested. The heart rvas found to 
be enveloped in a normal pericardium and was not enlarged. It measured S.5 x 
3.0 X 5.0 cm. There were a single, large ventricular chamber and a single auricle. 
The vena cava emptied into the base of the auricle posteriorly on the right side. 
Slightly higher up, two small pulmonary veins also drained into the auricle. The 
functioning auricle lay on the right side, was smooth, and projected around the 
right side of the base of the heart like a large finger. A smaller appendage, with 
no lumen, was found projecting around the left side of the base of the heart. 
Near the opening of the functioning right ventricle a single, veil-like structure 
was attached to the ventricular wall by a poorly developed chorda tendincae. This 
resembled an incompletely developed atrioventricular valve or an incompletely de- 
veloped membranous septum. Projecting from the right side of the common ven- 
tricle was a single, larger arterial channel, at the base of which was a semilunar 
valve composed of three well-developed cusps. "Well above this valve was a single 
vessel which again divided and entered the pulinonaiy parenchyma on cither side. 
The main vessel then continued on as the arch of the aorta, with its branches. The 
remaining portions of the aorta in the thorax and abdomen were not remarkable. 
The venous return from the lungs, as previouslj' mentioned, was through two small 
veins which entered near the vena cava at the base of the functioning right auricle, 
or common auricle. 

The remainder of the autopsy was not remarkable except for slight enlargement 
and congestion of the. liver and spleen. 

SUMMARY 

A ease of cor biloculare wit]i persistent trulacus arteriosus in a three- 
day-old infant, tvitli the unusual feature that cyanosis occurred only 
shortly before death, is presented. 

The blood flow through the lesser circulation was markedly increased 
at the time of birth, so that the systemic blood was well aerated or 
oxygenated, at least to the subeyanotic level,- death was caused by 
diversion of some of the blood from the lesser to the greater circulation 
thereby lessening the total output of oxygenated blood. 





ISOLATED DEXTEOOAEDIA, WITH DIODRAST STUDIES 

Arthub Buskin, M.D., Herman Tarnower, M.D., Berton Lattin, 

AND George P. Bobb, M.D. 

Valhalla, N. Y. 

INTRODUCTION 

r’yERYONE is familiar with the mirror-image dextrocardia whieJi 
L-i almost invariably is associated with transposition of all the viscera. 
The rare cases of isolated dextrocardia are subject to associated cardio- 
vascular anomalies and require individual study. In the ease herein re- 
ported, visualization of the cardiac chambers by the diodrast metliod of 
Robb and Steinberg^^ was of great aid in understanding the pathologic 
anatomy. So far as we have been able to learn, this is the first study of 
its kind, 

case report 

History. — B. I., a 55-year-old Italian housewife, was hrst admitted to Grasslands 
Hospital June 10, 1940. Beginning at, the age of 35, or earlier, she had had attacks 
of ''palpitation.^' These were usually accompanied by dyspnea and cyano.sis, 
sometimes by vomiting and teichopsia, and once by hemoptysis. Br. J. A. Costa, 
in referring her to the hospital, mentioned attacks of paroxysmal tachycardia whicii 
occasionally lasted several days and resulted in pulmonary edema, requiring oxygen 
therapy and full digitalization. Between attacks, wliicli -were diminished in fre- 
quency by the administration of one cat unit of digitalis daily, she felt perfectly 
well. In the week before admission she suffered two mild nocturnal attacks. 

The family history and past history were essentially negative. Seven pregnancies 
were apparently well tolerated. 

Physical Pxamimtion , — Tim patient was 59% inches in height and weighed 123 
pounds. She was lying comfortably in bed, without dyspnea or cyanosis. The point 
of maximum intensity of the heartljeat was felt in the right fifth intercostal space. 
The right border of the heart was percussed 11 cm. to the right of the midsfernal 
line in the fifth intercostal space and 6 cm. in the third intercostal space. The left 
border was percussed 2 cm. to the left of the midsternal line in the fourtli left 
intercostal space. The heart sounds were loud ; the second sound at the base was 
louder to the right than to the left of the sternum. A loud systolic murmur and a 
faint, high-pitched, blowing diastolic murmur were present and were heard best m 
the right third intercostal space. The systolic murmur was widely transmitted over 
tlie entire preeordium. No thrill was palpable. The blood pressure was 125/80 m 
both arms and 140/80 in the legs. The pulsation of the abdominal aorta was felt 
to the left of the vertebral column. The edge of the spleen was felt just under 
the left costal margin, and the liver descended, on inspiration, 4 cm. below the rigid 
costal margin. 

Laboratory Examinations . — The Kline exclusion test was negative. The ) oo 
cell counts, the urine, the blood sugar, and the nonprotein nitrogen were normal. 
Between attacks the circulation times were: ether, 8 seconds, sodium cyanide, 
seconds; paraldehyde, 9 seconds, and calcium gluconate, 12 seconds; the venou. 
pressure was 10 cm. of water. 

From the Medical Service of Dr. M. deTouart. Grasslands Hospital, Valhalla, N- "i- 
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. . rr,( „ tclcoroenfgenogr.'uiis of tlie chest showed 

JioentgenoymvMe the right thoracic cavity, wiili con- 

that the heart was cwIaTgcd, and ^ . . gU-vdow. The aortic Iniob was on the 

appeared to be normal. There impression upon the esophagus. 

Thf:t:2rrof r le?irt which ij . . nomml persons 


(Fig. 1). 



Fig. 1. Fig. 2. 

Pig. 1. — The heart occupies tlie riglit tlioracic cavity. Tlierc is tiie usual loft aortic 
arch impression upon the esopiiagus, and tlie .stomach is on the left. 

Fig. 2. — Roentgenogram taken two and one-half seconds after the injection of 50 
c.c. of 70 per cent diodrast reveals a left-sided superior vena cava coursing down- 
ward and then to the right above the diaphragm to empty into the riglit auricle. The 
venous auricle and ventricle are seen on the right. The outflow tract of the venous 
ventricle forms a prominent conus on the right. 

Koentgenograms were taken after the intravenous injection of 50 c.c. of 70 per 
cent diodrast, with tlie aid of Dr. Kobb, according to the technique of Ifobb and 
Steinberg.is They showed that the venous auricle and ventricle were on the riglit 
side, with a left-sided superior vena cava coursing downward and then to the right 
above the diaphragm to empty into the right auricle (Fig. 2). Tlie outflow tract 
of the right ventricle formed a prominent pulmonary conus. The left side of the 
posteroanterior roentgenogram (taken 10 seconds after the injection) was found 
to consist of the left ventricle and aorta (Fig. 3). 

Electrocardiograms.— The flrst electrocardiogram (taken before admission) showed 
depressed S-T segments and diphasic T waves in all leads, with regular sinus 
rhythm and occasional premature ventricular contractions. A digitalis elTect was 
evident. The electrocardiogram reproduced herewith (Fig. 4) is typical of those 
between attacks, when there was no digitalis or quinidine effect.. It shows slurring 
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of the QRS in all leads, slightly depressed S-T segments in Leads I and II, a slightly 
elevated S-T segment in Lead LV F, an inverted T wave in Lead I and a QRS of 0.10 
seconds. The next tracing (Fig. 5) reveals paroxysmal supraventricnlar tachycardia, 
with abrupt cessation on carotid pressure. 



, f-' 

Pig. 3. — Roentgenogram taken aorta formin^g 'the^left side of tlie licart. 

cent diodrast shows the arterial than the left. 

The right side of the diaphragm is shghtlj lower man 

Conrse.-A mild attack of 'vas re- 

had continued despRe ^en strains of quinidine four times a day, 

carotid pressure (Fig. 5). She nas ,,iien „ September 

and %o strychnine three times a day rntient was readmitted in 

13, 1940, one week after stopping the above dyspneic, ' orthopneic, and 

another attack of paroxysmal tachycardia. ® treatment for 

canotie, and had hypo.easi.a a.d f b^-h 1. a d... 

pulmonary edema was administered. Qu ‘ '^ofter thirty trains had been 

Lee grains every three hoars. The f t^n ettirace 4 »e^^^^ 
administered. Previous to that, vagal stmiu a i , „ jjging and strychnine here 

and quinidine intravenously had been rneHee na . « ,„acl, to 

then oontlnned in maintenanee doses, and these kept 


ix months. 

COMIiIENT . 

The following terms should he clarified. Accoidnio |o 
‘DextroeardiaV includes “. . • eases m winch the heait, 



irosKiN ET JI..: I60i„vm) BE.vraoCAui>iA 

vclo,,,,.cnt Ot 

sifr;:.:;’ *.o s.. r .-iii™ or o« o.„o,. 



Fig. 4. — Electrocardiogram talscn between nttacU.s of pnroxy.-?nml tncliycardia. wlien 
tlicre was no rtig.talis or quliiidinc effect. Eeint I .«lio\vs tlic vipriglrt P niid QR.S. with 
the inverted T, wliich is fairly typical of l.solnted do.vtroc.'irdia without “mirror- 
image.’' 


Less than 200 cases of isolated dextrocai'dia Itave been ve])oi’led. The 
case presented licre is an cxain]>le of iiie usual ty])e of isolated dextro- 
cardia, that is, Avithout “min’or-inia^e” inversion of tlie iiearl elianibers. 
“Mirror-image” inversion always exists in situs inversus totalis, but 
rarely with isolated dextrocardia. In conti'adislinetion to situs inversus 
totalis and isolated “mirroi'-iniage” dextrocardia, eases of isolated 
dextrocardia similar to the one herein I’cported are subject to other 
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cardiovascular anomalies. Lichtman’^ lists only three authentic eases 
of isolated dextrocardia without other cardiovascular anomalies. Al- 
though the life expectancy of patients vuth “isolated” dextrocardia 
(Koesler) is fourteen years, those who survive to the age of twenty may 
have a life expectancy of forty-four years. Symptoms and signs of 
congenital heart disease are usually evident in infancy in these cases, 
and death frequently occurs within the first year. Our patient is thus 
very unusual, if not unique, in having survived to the age of fifty-five. 
Certainly her seven pregnancies are rather remarkable. It is also note- 
worthy that none of her children has a demonstrable cardiac defect. 

In a ease reported in 1915, by kloffatt and Neuhof,“ of isolated dextro- 
cardia with many congenital cardiac anomalies and death at the age of 
three and one-half years, there were short runs of paroxysmal auricular 
tachycardia. 

Few other arrhythmias associated with dextrocardia are reported in 
the literature. In Lichtman’s second ease of isolated dextrocardia’ and 
Lloyd's® case of situs inversus totalis auricular fibrillation was present. 
In other eases, associated with acquired mitral stenosis, such as 
Krestin’s,® there was the same arrhythmia. Abnormalities of the con- 
duction mechanism have occurred rarely.®’ The arrhythmias in 
these cases have usually accompanied multiple cardiac defects, vdth en- 
largement of the heart and myocardial damage, as in our case. 

The diodrast studies in our case clearly demonstrated the relationship 
of the heart chambers and the left-sided aortic arch (both of which are 
usual in isolated dextrocardia).^®’ Proof in the past has not been pos- 
sible without post-mortem examination. From the diodrast and fluoro- 
scopic studies we may conclude that the aorta was to the left of, and 
probably anterior to, the pulmonary arteiy, i.e., that these were trans- 
posed. In the teiminology' of Spitzei’, 90° detoi’sion had taken place. 
The anomalous course and termination of the superior vena cava (we 
have not disproved the presence of a right-sided one as well) were also 
interestingly shown (Fig. 2). 

It should be noted that the right side of the diaphragm was lower 
than the left, despite the presence of the liver on the right side. This 
is consistent with the theory^® that the height of the diaphragm is in- 
fluenced by the position of the heaiT rather than by that of the Ihei. 

The electrocardiogram (Fig. 4) was characteristic of isolated dextro- 
cardia, i.e., the complexes are upright in all leads except T in Lead I. 
Negative T waves in Lead I and sometimes in Lead II, as well as S-T 
segment delations, may be found. There is no proof that the prognosis 
is made worse thereby, although the point is debatable.^® This eleetio- 
cardiogram is easily* distinguished from that of mirror-image dextio 
eardia. The proof of the supraventricular origin of the tachycardia lay 
in the response to carotid pressure (Fig. 5) and the similarity ^of the 
QRS complexes during and after the attack. “Auricular leads’ (not 
shown) proved the auricular origin of at least one attack. 
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r«f,ta otlicv changes in tlic olectrocardiograni, jia.-licnlarly the 
•j L, md sUuThig of the QKS waves, point, to dirtnse niyoeardi.il 
The incseiic; of coronary i,i,siimcieiicy and iiiyoeardial fil.rosis 
in adltion to ivliatevcr coiigcnilal lesions she had, is lihe Ij hee.iiisc o 
the age of the patient and the freciuency of the ]niroxy.snis ot laeh> cm dia 
yhich re.snltecl in congestive failure. 



rig. 5. Electrocardiogram showing paroxy.sninl supraventricular Inchycardia, with 
abrupt cessation on carotid pressure. 


Finally, tlie natnre of tlie lesion as.socialed with the de.xt roeardia in 
IS patient can only he gue.ssed at. Tlie inuriniirs were jirobiilily tlie rc- 
sa t of either a pulmonary or an aortic lasioii, and, since pulmonary 
s eno.sis or atresia is very common," we may siifelv guess that .sneli an • 
anomaly was present here. 
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SUMJIARY 

1. A case of congenital isolated dextrocardia, witliout “mirroiMinage” 
inversion of the chambers, but with signs of congenital heart disease and 
attacks of paroxysmal tachycardia is presented. 

2. The expected noninversion of the heart chambers was supported 
by diodrast and electrocardiographic studies. The “apex” of the heart 
was shown to be formed by the right (venous) ventricle. The left-sided 
aortic arch and superior vena cava were also demonstrated by diodrast 
visualization. 

3. The rarity of the long survival of the patient and of the attacks of 
paroxysmal tachycardia is noted. 
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persisteint common atrioventricular ostiui^i 

Report op a Case 


Vicente Mobagues, M.D. 

St. Lotus, Mo. 

'X'HIS congenital malformation of the heart is rare and is fieqnently 
1 associated with mongolism. Robinson,^ in a recent review ot t ie 
literature, found only thirty-nine cases, and many of them were on ^ 
mentioned and not described. He added another case of his own. 
these forty cases, approximately one-half were in Mongolian idio s. 
Herein is presented another ease of persistent ostium atrioventriculare 
commune in a child without mongolism or other major defects. This 
case is particularly interesting because there was an electrocardiographic 
and radiologic study. 

CASE REPORT 


The patient was a sixteen-month-oM boy. He was born at full term, and breathed 
and cried spontaneously. The weight at birth was eight pounds. tVhen three dajs 
old, the child was taken to the hospital because of dehydration, jaundice, and refusal 
to nurse at his mother’s breast. At that time he was poorly developed, dyspneic, 
and cyanotic. On the right side of the head there was a hematoma the size of a 
hen’s egg. Examination of the lungs was negative. The heart was of normal size, 
with no thrills and no murmurs. Tlie rhythm was regular and the rate rapid. The 
child was given a transfusion, glucose, and a special feeding formula. He was 
discharged after eighteen days, much improved. 

On the second admission, one month before deatli, the child appeared moderately 
dehydrated and extremely dyspneic. He had sat up at eight months but liad not 
stood up nor crawled. He spoke his first word at eight months. 

Physical Examination . — The patient was poorly nourished, poorly developed, 
moderately dehydrated, and markedly cyanotic. Tlie temperature was 100° E., the 
respirations, 75 per minute, and the cardiac rate, 200 per minute. The chest had 
a pigeon breast appearance, with marked precordial bulging, mostly on the left side. 
The sternum was deformed and convex in shape. Tlie apex impulse was diffuse 
and heaving. Numerous fine, crepitant rales were Iieard throughout both sides of 
the chest. The cardiac dullness was greatly increased; the left border of the heart 
was in the anterior axillary line. There were numerous murmurs over the precor- 
dium, and the rate was so rapid and the tones so loud that differentiation was im- 
possible. The abdomen was scaphoid. Tlie aortic pulsation was prominent. The 

edge of tlie liver was palpable and percussible three fingorbreaths below the costal 
margin. 


Electrocardiogram.—The rate was 150 per minute and the rhythm regular. The 
' • second. The QRS complexes were diphasic in all leads Tlie 

mam deflections were downward in Lead I and upward in Lead HI. The initial 
deflection was upi^rd in Lead IVR and Lead IVF. P, and H were prominent. 

wL 2 mm w'- T T take-off 

cardio^^h ^ ™ ^)- The electro- 

(3) S””' “ >“«'■>•<»«««, (2) I.,pertr„ph,, a.S 
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Pig-, j. — Electrocai'diogram showing tachycardia, prominence of Pi and P;, and a 

diphasic Pa, right axis deviation. 




MORAGUES: PfiftSiSTENT COI^IMON 


I or" 



Fig. 3. — Left atrium and left ventricle. Common ostium witli valve leaflets going 

through it. 
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Eoentgenologie examination (Fig. 2) revealed an enormously etilarged cardiac 
shadow, with the left border extending to the axillarj* margin and the right border 
far to the right of the midline. Tliere was also marked j'ulmonarv congestion. 

Laboratory Data. The hemoglobin was 13 Gm., the erythrocyte count, 4,000,000, 
and the leucocyte count, 16,000. A differential leucocyte count showed 3 per cent 
metamyelocytes, 17 per cent nonsegmented pohmorphonuclears, 52 per cent seg- 
mented polymorphonuclears, 2 per cent eosinophiles, 4 per cent monocytes, and 24 
per cent Ijunphoeytes. 

Course in Hospital . — On the second day the patient’s tewiperature was 102.5° F. 
He was cyanotic except wlien oxygen was being administered. On the fifth day 
his temperature was 102° F., and he had cyanosis and pronounced dyspnea. On 
the twentieth day his temperature was 102° F. He began to develop passive con- 
gestion and pulmonary edema, his temperature rose to 103,5° F., and his heart 
became irregular and rapid (155 per minute). He was very cyanotic and dyspneic, 
and died of congestive heart failure. 



Fig. 5. — Common atrioventricular orifice with six valvular leaflets ; two common 
leaflets (across midline), one leaflet in the left %'entricle, and three in the right ve 
tricle (two of these are rudimentary). 


Autopsy . — The anatomic diagnoses were (1) persistent common atrioventricular 
ostium, (2) congestive heart failure, with hypertrophy and dilatation of the heart, 
(3) hydrothorax, (4) pulmonary congestion and edema, and (5) congestion of a 
viscera. 

The heart weighed 119 grams. There was marked dilatation of the whole lieart, 
but chiefly of the right side. The epieardium was thin and intact. The myocardium 
was markedly thickened, measuring 0.7 to 0.8 cm. in the right ventricle and 0.8 to . 
cm. in the left ventricle. The endocardium of the right ventricle was .somenhat 
thickened, white, and opaque. In the left ventricle the endocardium was thin and 
intact. There was a large defect of the lower part of the auricular septum am 
the upper part of the ventricular septum (Figs. .3 and 4). This defect had a round 
shape and measured 2 cm. in diameter. Through the defect in the atrioi en ricu ar 
septum there were two large valve leaflets, one anteriorly and one posteriori}, going 
from one ventricle to the other. These two common leaflets had chordae ten ^Bcae 
attached to the upper, concave border of the intciwentricular septum. In the ' 
ventricle, beside the two halves of the common cusps, there were a well-deve op 



MOKAGUI-S: PKIiSISTI-NT COMMON ATIiIO\ r.NTlUcn.Mt nsm-M l‘2< 

leaflet and two Mnall, nnliineiilnry oiit-. In llie left \iiiltirli' lion.' v.a- "olv . no- 
valve cu?ii in additiim to tho two lol't h!llv.■^ »{ fl.e .'0111110.11 l.'nil.'t- i fit;. .'O. 

The foraineii ovale wa-. eloM‘.l, Imi l>l■l.I^v the fo-a ovali'., j-o-t.-tiorly, llo i.- v. n- 
two .small iierforations of the aurieular N-ittnm !il«mt tl inm. iu diuiio t.-t. The 
aortic and jmlmoiiary valv.'s w.'re .‘ssentially iiotni:.! iilo! iio-:i»tited 1 ... eio. ie. 
diameter. 

Accordin': to -Miill- .■md (itiiiii ;ind Hi. tlini.iiiii, jliis dev>')oj>)iH'iil;i! 
anomaly is caused by tin arrest t>f trrowtli of tin* l.etiri in early intra- 
uterine life. Tliis tirrest of development !nis t*' do witli tlie intentnrii iibir 
.'^eptuni, tlie interventricular .septum, and tlie endoe;ir.lia) eiisiiii.n... This 
lack of development of the ctirdiae septti lettves a wi.le .•iimtoiinieiitinn 
between the diiVcrent ebamlier.s of the betirl. Dnriiiy eardiae liitisf..!.', 
when the atrioventricular valves are ojien. the f.iiir ehamb.'r'- of th,- 
Iieart communicate with each other. Duriir,; ciirdia.' syst..!.-, when ih.- 
A-V valves are closed, the two atria eomjnunie.tt'' with cither ami 
the two ventricles with etieli <itlter. 

.sf.MM.VttV 

A case of jiersisfent ostinin iitriovc-ntrieular.* c'omiiunio is pr."--!if.-/i. 
Forty ease.s have heen mentioned or dc-M-rihed in the literatun'. timl 
sihout Jialf of fiiese were .'issoeitited with moin:olisiii. 


i!i;ri;i!i.Nct:s 


1 . lloliin.soii, 1 ). W.: JVr.'Ot.'tif f.imnntii Atri.o.'ntfi.-uh.r Oaimn in r, chiM Wu!. 
^ MoncoliMii. Arcli. Path, M; llT, lost. 

• 2 . Mtill.^K. I’.: f)M ill,' n.'vch.j.Mo'iii ,.f the Ituim.ii H.v.rt, Am. Ar;:,t. J.'l; 


Gunn, I'. I)., aiol Di.'i'kiiiaiiii, . 1 . M.; 

Casc.s \Viih Conmo.ii Atri.iv.'titti.-.ilar Canal and .s'.-j.ium p, 
Milli p.'fcct of ih.' Atria) Hor Tril.s-iilat,. 

.1. Path. 3 : .*)‘i,', l!i 37 . 
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AURICULAR STANDSTILL 

Veexe S. CAnxEss, il.D., Raleigh, X. C. 

'^HE sinoauriculai- node, the pacemaker of the heart, was discovered 
b\ Keith and EJaek, in 190/. It is at the end of the sulcus terniinalis 
at the junction of the superior veua cava and the right auricle. It coii- 
•sists of nerve cells, nerve fibers, and heart muscle cells, imbedded in 
fibrous tissue. The nerve fibers are connected with the vagus nerves 
and the sympathetic trunks. The blood supply is rich and is received 
through a eoronaiy artery branch. Sudden death has been reported 
from the occlusion by a syphilitic process of the mouth of this artery 
in the aorta. 

3IISSED BEATS 

Distui’banees in the siuoauricular node api^ear to be quite infrequent. 
When present, they are usually of short duration.^ Siuoauricular block 
is the usual abnoimality aud is ebaraeterized by missed beats which 
should be differentiated from exti’asystoles. 

Siuoauricular block- px’oduces a pause in the cardiac rlndhm, and, 
because of the lack of the compensatory pause which follows extra- 
sj'stoles, it is usually of less duration than two cardiac cycles. It may 
occur in healthy persons, e.g., athlete.s, after strenuous exertion, or after 
excitement. In children-’ ^ it may follow severe infections, such as 
diptheria or rheumatic infections. Syqxhilis is an occasional cause. The 
most frequent cause is poisoning by digitalis. Quinicline^ may be a 
factoi*, especially when given with large doses of digitalis. Nervous 
exhaustion appears to be a contributing factor. It is not affected by 
strychnine, bromide.s, or theobromine.*^ Nitrites and atropine tend to 
decrease the frequency- of missed beats. Exertion apjiears to have a 
similar influence on some patients. ExcessAe smoking has been alleged 
by one observer to produce siuoauricular block. 

Sinoaurieular block is not to be confused with sinus bradycardia, in 
which the slow rate might suggest that alternate beats are being drop- 
ped. The gradual development of the bradycardia and the gradual re- 
eovery obviate the conclusion that there is a disturbance in rhydlim. 

AURICULAR .STAXD.STILL 

Sinoaurieular block in its most severe form is termed auricular sfaud- 
still. This is a very rare condition. In 1939, Rosenbaum and Leyinc 
found eight eases in the literature and added a like number from t le 
llassaehusetts General Hospital. They added four pos.sible cases to eacli 
gi’oujj. No additional eases appear to have been reported. 

Auricular standstill can be diagnosed only by the electrocardiogram- 
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There is no evidence of anricnlar activity, and the ventricles beat A\itb 
a regular, independent rhytinn. The mortality is very liigh, prol)ably 
because of the degree of digitalis poisoning required to ]n-oducc auricu- 
lar standstill. It is not known -whetlier there is a total blockage ot trans- 
mission of impulses or AA'hether impulses are not iormed. 
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Rest is often tlie best form of tlierapj- and should be used far more 
than appears at times to be possible. Digitalis is a good erutcli for a 
damaged heart, but it is also a veiy dangerous and poisonous drug when 




Fig. •!.— Miss H., May 19, 1941. Sinus 
too* pause : tliis condition 


rhvthni : 
followed 


lissed beats wiUiout full conipcnsa- 
tnall doses of digitalis. 
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used in large doses. It is doubtful whether a large dose of digntalis is 
more effective than a small dose. AVheu a small dose iails to imprmc 
the cardiac output, larger doses rarely, if ever, im]U'ove the results. 
Also, often it is impossible to slow the cardiac rate by digitalis ; Jor 
various reasons, a rapid rate may be needed for an adetjuate circulation, 
and efforts to .slow such a tachycardia by digitalis may be expected to 
end in disa.ster. Vai'iability of individual .suscoptibilil\ to the diiig in- 
creases the danger from digitalis and ncce.ssitate.s greater cai'c in its use. 

Figs. 1, 2, and 3 are electrocardiograms of a j^atient who developed 
an irregular, rapid pulse after surgical drainage of her gall bladder. 
For three days she received, hyj)odermalically, sixteen ampoules of 
digifoline and ten ampoules of coramine. Part of the time .she was 
given two ampoules of digifoline every three hour.s. The third tracing 
shows the result in her ease of .stopping digitalis. Death is the usual 
result. 

Fig. 4 shows sinoauricular block with typical missed beat.s, not, fully 
compensated, apparently eau.sed by taking one cat unit of digitalis daily 
for five da.vs. TJie digitalis was slopped, and, aflei* several weeks, 
regular rhythm was gradually re.storcd. 

COXCLUSION' 

These two eases, one of auricidar standstill and one of sinoauricular 
block, are quite interesting from the standpoint of rarene.ss as well as 
etiologjA 

It is possible that auricular .stand.'‘’fill may not be so I’are a.s ha.s been 
supposed. Adequate use of the elect rocardiogra])!) might .'-how that this 
condition is quite common, not only as a terminal event, but also as a 
result of infectious, digitalis, and sti'cnnons e.xertion. 
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Yanof, Z. A.: Blood Pyruvic Acid in Heart Disease, Arch. Int Med 69' 1005 

1942. ■ ■ ' 

There is a rise above normal of pyruvic acid in the blood of persons with lieart 
failure. This elevation approximates the degree of failure. 

Author. 

Herrmann, G., Decherd, G. M., and Calvin, D. B.; The Application of Blood Vol- 
ume Studies to the Theory of the Mechanism of Diuresis. Tr. A. Am. Ph.v.sicia«s 

56: 298, 1941. 

Serial blood plasma volume studies following the intravenous injection of di- 
uretics, aminophyllin, salyrgan, mercupurin, and digoxin have ^deldcd further 
evidence as to the various mechanisms that initiate and accompany diure.^is. 

With the mercurials and the xanthines given intravenously there seems to be 
definitely primary renal effects and probably subsequent secondary extrarenal 
effects. 

It is not possible by these present studies to localize absolutely the site of the 
renal or extrarenal action. Diuresis is not dependent upon the rise in blood 
plasma volume. It may continue with falling blood plasma volumes and drop 
off -with rising blood plasma volumes. At any one time the blood plasma volume 
is the resultant of urine excretion through the kidney and movement of fluid 
from or to the tissue interstices. 

The total blood volume shifts usually are not commensurate with the volumes 
of urine excreted. 

Authors. 


Nahum, L. H., Hoff, H. E., and Kaufman, W.: The Nature of the S Complex of 

the Electrocardiogram. Am. J. Phj-siol. 136: 726, 1942. 

The downstroke of S, develops with the complete activation of the posterior sur- 
face of the left ventricle while a portion of the anterior surface of the right ventricle 
is not yet active. 

The upstroke of S, occurs when the remainder of the anterior surface of the right 
ventricle becomes active and re.stores isopotentiality. 

The same sequence of ventricular excitation explains the pre.sence of an F?, in llic 
ventricular extrasystole. 

S, probably arises from a similar sequence of excitation in the anterior left ami 
posterior right ventricles. 

Authors. 


Groedel, P. M., Kisch, B., and Reichert, P.: Changes in the Standard Electro- 
cardiogram and the Chest Leads During the First Stages of Life. Carr lo og , 
6: 1, 1942. 

Virile in the adult with normal heart conditions two different chest electro 
cardiograms, the left and the right, always exist, the newborn seems to • 
mediately after birth, usually over the whole thorax, only one pattern, t ja o 
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younger adults. 


Groedel, F. M., and Kisch, B.: Morgagni-Adams-Stokes Syndrome: What Docs It 
Bepresent? Cardiologia G: 43, 1942, 

The M.xt.S. sj-ndrome is a condition of adaclcs of unconsciousiie.-.s ^v■ith or with- 
out the occurrence of convulsions and incontinence of urine and bowels caused by 
an acute ischemia of the centr.al nervous .sy.stein. The causative factors of such 
attacics are ahvaj’.s acute disturbancc.s of tlic heart action lending to an insufTmient 
blood supply to "the cerebrum. We observe the syndrome occurring in two group> 
of heart disease, in cases suffering from heart block and in ])atients sviffering from 
tachycardia or salvos of ventricular oxtrasj'.stolcs or atfacic.s of ventricular fibrilla- 
tion. Abortive cases arc also very frequent. These pafient.s likewise .«utTer from 
different types of short attacks of tachycardia, paroxysmal auricular fibrillation 
and attacks of extrasystolos, lending only to a le.cser degree of cendiral ischemia 
and, therefore, the patients arc complaining about only fainfing-like .spells. We 
never ob.sorved a case of JI.A.,'?. .“\-ndronie due to sinus brndycardhi, alfhongh such 
eases are referred to in the French literature. 

.VgTIIOlJ.s:, 


nim xrc.ii- 


Hermann, B., and Decherd, G. M., Jr.: Tachycardin.s: Diagno.si.? 

ment, New Orleans Af. & S. ,T. 94: 417, 1942. 

Sinu.s tachj'cardia is due to a variety of causc.s and .sometinios will bo slowed by 
vagus stimulation either through the carotid .sinii.s, or liy drugs such as jdlocarplne 
or prostigmino or neosynephrin. Digitalization is offeclive in eases with heart 
failure, indirectly by improving the circulatory eflicienc.y, or directly by precipitating 
fibrillation and A.V. block. 

Paro.xr-smal tachycardias are briefly diseus.sed from the elinicai and electro- 
cardiographic points of view. Tlio.«c from a supraventricular focus are iniinaged 
bj- trying fir.st the etVccts of reflc.v vagal .stimulation. Acctyl-Bota-metbylcboline or 
prostigmine methyl sulphate arc .sometime.s successful. Quinidiiio has been used as 
have various digitalis proparation.s as digo.vin, rligilanids or hmatoside C or digii.-ilis 
extracts, either by moiitli or intravonoii.sly. Quinidine or i)alassium salts are used 
prophylactically. For the paro.\j>-ms from !i vcnfrieular focu.s, duo usually to n 
nijocardial infarction, quinidine is the only drug to be recommended. 

Tachycardias due to circus mochanisnis, auricular flutter and auricular fibrilla- 
tion .ye de.=cnbod. Digitalization converts a flutter to a fibrillation, and cinchmuza- 
tion IS usually riien necessary to c.stabli.rii a .sinus rhythm. Quinidine alom- without 
pieimmarj digiyiizatioii is often oftic.acious in auricular fibrlliaf ion eases of short 
■! V in an nftempi to establish the normal 

'Vhen the auricles J 

For details of diagnosis and dosage the original may be .•onsnlted. 

''SarT^.^r, m2.'' congenital Heart Block: Beport of a Case. Drit. 
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cidental^ manner in wiiicli ttie anomaly was discovered after tlie youngster liad been 
liospitalized and operated upon for a right acute mastoiditis is related. 

The pathologj' of the abnormal embryological development of a patent inter- 
ventj-ieular septum and its association with congenital heart block is discussed. 

Authors. 

Urbach, E., Loew, A., and Gottlieb, P. M.: Bronchial Asthma and Cardiopathy. 

Cardiologia 6: 13, 1942. 

Damage to the lieart will often develop during the course of an asthma of long 
duration. This involves the myocardium, never the endocardium. Por hemodjmaniic 
reasons, the right ventricle is affected first. But not infrequently, especially in older 
asthmatics, the left heart may become affected, the disorder being manife.sted clin- 
ically as angina. Attention has been drawn to tlie possible etiological relationship 
between bronchial asthma and coronary disease. Recognition of the cardiac in- 
volvement and understanding of its pathogenesis are of importance in therapy. 
The authors point out the value of electrocardiograms in every case of asthma. These 
should be taken not only in the free intervals, but also after effort, and if po.ssiblc, 
during the attack of asthma. The theory is expressed that electrocardiographic 
changes occurring only during asthmatic attacks are caused by myocqrdial anoxia. 

Emphasis is placed on the necessity of roentgenological e-xaniinations for the early 
determination of stasis in the lesser circulation as a sign of associated involvement 
of the heart. The point is stressed that remarkable results are achieved by the intra- 
venous administration of strophanthin, aminophylline, and glucose in cases of asthma 
where involvement of the heart cannot be demonstrated by clinical and electro- 
cardiographic methods. 

Authors. 

Ducbosal, P. W., and Henny, G.; Angina Pectoris and Hyperthyroidism. Cardi- 
ologia 5; 372, 1941. 

A SO-year-old woman had all signs of a hyperthyrosis, tiie appearance of which 
was noted in the menopause. Progressive emaciation, increased metabolic rate, ami 
attacks of typical angina pectoris in rapid succession were experienced. Treatment 
with lugol brought immediate improvement and temporary disappearance of the 
angina pectoris. Strumectomy was performed, shortly after which the patient died. 
The electrocardiograms sho\Yed very great variability in the course of the hypor- 
thyreotic periods. The characteristic change was an extreme but temporary incrca.=c 
of the S-T piece. This change appeared independently from the angina pectoris, 
usually, however, following exertion. It was also observed after the apnea and 
hyperpnea tests, however, spontaneously. 

The anatomic examination showed the coronary arteries and their branches into 
the capillaries to he fully intact. The myocardium was the seat of a large numbm 
of degenerative centers of especial appearance. They reminded one of the toxic 
conditioned changes in the cour.se of tuherculo.«is. The anatomical examination of the 
goiter showed two very small adenomas of Basedow infected tissues to he the only 
cause of this severe thyreotoxicosis. 

An explanation of the angina pectoris, founded on the hypothesis of the factor 
P after Lewis, is given. 

Authors. 


Eaab, W.: Abnormal Suprarenal Discharges in Angina Pectoris and Their Con- 
trol by X-ray Therapy. -T. Clin. Endocrinol. 1: 977, 1941. 

Adrenocortical (AC) compounds, which consist of adrenalin combined with 
cortical sterols -vyere quantitatively determined by a cbemical method in f ic ) o 
of individuals -with and without angina pectoris. 
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blood streiiin during plivsi.nil exercise were particulurly neb m ndienulm. 

Therapeutic roentgen irradiation of; the suprarenal glands, if sucecssful, « 

in disappearance of the abrupt AC discharges on eftort, coinciding \Mth <^ompjc c 
or almost complete disappearance of the subjective anginal symptoms for pen . 

of several months. . , r ■ n.,. 

The significance of these observations is discussed from the point of view of the 

theory that angina upon effort is cause<l by the specific anoxiating ofTm-t o siuteu 
suprarenal discharges upon the heart muscle whose oxygon supply is luadeqin'Ue, 
due to sclerosis of the coronary arteries and their inability to dilate adequately. 

A TT'TtJnf* 


Poel, W.: Cardiometric Studies on Children. III. Eeport of a Case of Incomplete 

Heart Block Due to Vagal Effect. Arch. Int. !Med. 69: 1040, 1042. 

A case of persistent functional heart block apparently due to vagal influence 
is presented. Three previously described cases of such disturbance are reviewed. 

The frequency of occurrence of this phenomenon in normal adole.sceiits is low. 
It was encountered only once in 2,400 electrocardiograms made on normal per.son.s 
between the ages of 12 and 20. 

Body position, body activity and respiration were found to have a definite 
effect on the duration of the PR interval in the case reported here. Re.“piration 
also affected the intensity and audibility of a third lieart sound, or auricular 
sound. 

Observations pertaining to the effect on the heart of experimental excitation of 
the vagus nerve are reviewed. A possible explanation of the origin of functional 
heart block is suggested in the light of the.se observations. 

AuTJion. 


Hayes, R. M,, and Gibson, S.; An Evaluation of Bheiunatic Nodules in Children: 

A Clinical Study of 167 Cases. .T. A. Jf. A, 119: 554, 1042. 

Of 167 children with rheumatic nodules, 86 wore boy.s and 81 girls. The age 
incidence of patients with nodules clo.scly paralleled the age iiieidciice in the group 
with rheumatic infection in general. Nodules were found in many regions, the most 
fiequent locations being the elbows, knees, .«ealp, knuckles, malleoli, and vertebral 
spine.s. Nodules on the extremities tended to be symmetrical in their distribution. 
The duration of nodules varied from a few day.s to .several monfh.s. Other rheumatie 
phenomena were present in every ca.se. Rheumatic heart disease was found in Ifi."! 
cases. Pifty-two patients (31 per cent) died. The number of nodules in the in- 
ividual case was not found to be important in determining the prognosis. 

AuTHons. 


Electrocardiogram in Pulmonary Tuhercti- 
n fl ’ ‘^l^^cal Significance of Concordant Inverted Initial Ventricular 

’rlTTe: 35, m2"'' ™ Tuberculosis. Am. Rev. 

concordanf tynj ofinvft electrocardiograms showing a 

7 f ^ inverted initial ventricular deflections in the standard lo-ulc ‘n 

7 patients with chronic pulmonary tuberculosis. 
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comparison of roentgenograms and fluoroscopic examination. In 5 patients the ap- 
pearance of this pattern was found to be associated witli symptoms of severe 
dyspnea and cyanosis but with a relatively small heart in the roentgenograms. 

In 3 patients, in addition to the downwardly directed QllS complexes there ivas 
enlargement of the P-waves in Leads II and III and abnormal variation in tlie 
BS-T segment in Leads II, III, and IV. 

In 0 of the patients who came to necropsy this electrocardiograpliie pattern was 
found to be associated with either hypertrophy alone, hypertrophy and dilatation, 
or dilatation without hypertrophy of the right ventricle and occasionally the right 
auricle. 

These correlated observations suggest that in patients with chronic pulmonary 
tuberculosis the appearance of downwardly directed deflections of the QES complex 
are an index of changes in the muscle mass or the size of the right ventricle causing 
a rotation of the heart around its longitudinal axis. 

Since respiratory distress and increasing cyanosis in patients with chronic pul- 
monary tuberculosis may be due either to the progression of the pulmonarv lesion 
or to right heart failure in the absence of signs of congestion, this electrocardi- 
ographic pattern may be the only clue that the symptoms are the result of cardiac 
embarrassment. 

This pattern being persistent and irreversible, its presence is of ominous prognostic 
significance. None of the patients with chronic pulmonary tuberculosis wlio showed 
it lived longer than one year. 

Autuors. 

Grollman, A., and Williams, J. R., Jr.: Experimental Hypertension in the Rat. 

Am. J. M. Sc. 204=; 73, 1942. 

A variety of procedures is outlined by which it is possible to induce chronic 
hj'pertension in the rat. The most practical of these procedures consists in apply- 
ing silk to the kidneys. This is accompanied by relatively low operative mortality 
and usually results in a permanent elevation of pressure to hj'pertensive levels. 
The blood pressure responses to various other operative procedures on the kidneys 
are described. 

AuTHons. 

Chasis, H., Goldring, W., and Smith, H. W.: Blood Pressure Reduction Associated 

With Pyrogenic Reaction in Hypertensive Subjects. J. Clin. Investigation 21: 

369, 1942. 

Blood pressure can bo reduced significantly in hypertensive subjects bj the 
intrav'enous administration of pyrogenic material (pyrogenic inulin, tiiple Ijphoid 
vaccine, tyrosinase), and it can be maintained at reduced levels by the icpoatcd 
injections of this material. This hypotensive effect can be obtained without a rise 
in bodj'’ temperature by premedication with amidopyrine. 

The mechanism responsible for the persistent blood pressure reduction is uii 
known, but, from the more immediate effects of pyrogen, it appears to ho a - 
tributable in part to an adverse or asthenic action on the cardiovascular system, 
rather than a correction of the fundamental disturbance underlying t le ij pc 

tensive process. _ . , . . 

One instance of a marked reduction in blood pressure in a hj^iertensix o su ij 
during a postcystoscopic febrile reaction is illustrated. _ Such reactions .are r _ 
ported to be attributable to a transient B. coli bacteremia, and the re uc 
blood pressure here, and in other acute infections, may be associate m 

pjTOgenic reaction associated with the infection. ^ i i - (he 

Whenever the blood pressure of a hjTpertensive subject is reduced U 
parenteral administration of a foreign organic material, this pj rogenic yp 
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tratecl by one of our subjects. AuTHon.s. 


TCeninf 'G F.' and Page I. H.: Production of Experimental Hypertension and the 

Indiect Determination of SystoUc Arterial Pressure in Eats. . . 

Clin. Med. 27: 1192, 1942. 

Silk perinephritis and constriction of the renal artery by a silk thread both 
elicit arterial hypertension in rats of a degree suthcient for assay of renal an i 
pressor extracts. The preparation of hypertensive rats by these methods is desen ict . 

The method of IVilliams, Harrison, and Grollman for measurement of .systolic 
blood pressure has been modified to increase its effectiveness. 


lTTIinT?« 


Kaiser, I. H.; The Specificity of Periarterial Fibrosis of the Spleen in Dis- 
seminated Lupus Erythematosus. Bull. Johns Hopkins Hosp. 71: 31, 1942. 

The splenic pathology in 18 cases of di.sseininated lupus erythematosus is .sum- 
marized. Perisplenitis and periarterial fibrosis were the commonly ob.=ervcd lesions. 
Periarterial fibrosis was found in 15 of the 18 cases in this series. 

The perisplenitis presents no characteristics by which it may be ditTereiitialcd 
from that commonly seen in other conditions. 

Periarterial fibrosis is defined herein as the occurrence of at least three .separated 
layers of the normally densely packed periarterial collagen of penicillary and 
follicular arteries, in such a manner as to give the tj^pical ringed appearance. The 
collagen is frequently hyaline and granular eosinophilic material may be found con- 
tinuous with it. The process apparently is an alteration of collagen independent of 
necrosis or inflammation. No early or intermediate stages have been observed. 

In the control series of 1079 splenic sections periarterial fibrosi.s occurred in 53 
cases, an incidence of 3.2 per cent. No evidence of the occurrence of disseminated 
lupus erythematosus could be found in any of these cases. 

Periarterial fibrosis occurred in 4 cases of essential thrombocytopenic purpura out 
of 13 examined, an incidence of 31 per cent. This is the only group besides the cases 
of disseminated lupus erj-thematosus which significantly differed from the control 
series. 

The splenic lesions of disseminated lupus erythematosus are not pathognomonic 
of that disease, although periarterial fibrosis occurs in a very high proportion of the 
cases. There are no known characteristics of the splenic periarterial fibrosis found 
in disseminated lupus erythematosus which will distinguish it from that found in 
other conditions. In view of its frequent occurrence in disseminated lupus erythema- 
tosus, however, the discovery of the lesion at autopsy should raise a suspicion of 
teseminated lupus erythematosus and provide impetus for further investigation. 

en ound in association with the other familiar stigmata of disseminated lupus 
erythematosus periarterial fibrosis in the spleen promdes corroborative evidence. 


Author. 


Hess, L.: On the Crista Terminals. Cardiologia 5: 388, 1941. 


It is suggested that the Crista terminalis 
important role during the systole of the auricle. 


may play a peculiar and not 


un- 


Author. 
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Lake, M,, Pratt, G. H., and Wright, I. S.: Arteriosclerosis and Varicose Veins: 

Occupational Activities and Other Pactors, A Study of 536 Persons, Divided 

Xnto Age Groups, W^ho Hud !Been Sitting, Standing, W^alking or Climhing Stairs 

for Ten Years or More at Their Work. JT. A. M. A. 119: 696, 1942. 

Men had a higher incidence of arterial disease than did voinen of the same 
ages who had been employed at similar occupations an equal length of time. 
Among the younger men (age group 40 to 49 years), stair climbing apparently 
produced a significantly higher incidence of arteriosclerosis than did standing 
sitting, or walking. No significant difference could be established among the last 
three classifications. Over the age of 50 there were no significant differences in 
the incidence of arterial disease in any of these classifications. 

The use of alcohol and tobacco did not influence the incidence of arterioselero.sis 
in the series studied. 

(There was a definite relation in both sexes between the incidence of Iij-pertension 
and of arteriosclerosis of the lower extremities. 

Women showed a much higher incidence of varicose veins than did men employed in 
the same occupations. This difference held true even when the factor of pregnancy 
was removed from the data. Women who had been pregnant showed a higher in- 
cidence of varicose veins than women who had never been pregnant. Varicose veins 
were extremely common among the working women of this series. 

Women who stood or walked showed a much higher incidence of varicose veins 
than those who sat at their work. 

This difference was not found in men. 

There was a higher incidence of arteriosclerosis of the leg arteries in men with 
varicose veins. This difference was not statistically establislied in women. 

Authors. 

Hertzman, A. B., and Roth, L. W.: The Vasomotor Components in the Vascular 

Reactions in the Finger to Cold. Am. J. Physiol. 136: 669, 1942. 

The vascular reactions in the finger to chilling have been examined by means of 
the photoelectric plethysmograph. Analysis of these reactions was concerned with the 
role of the vasomotor reflexes. 

Tlie initial immediate constriction on application of cold is due to vasoconstrictor 
reflexes on which is superimposed somewhat later the direct constrictor action of 
cold. Evidence: Accompanying constriction occurs also in the warm control fingers 
of the same and opposite hands, but the constriction is usually more intense in the 
chilled finger. 

If a vasoconstrictor reflex is not elicited in the control fingers by an application 
of moderate cold, the constriction in tlie chilled finger occurs in a gradual progressive 
manner, as in the forehead skin, due to the dii’cct constrictor effect of cold on tlie 
VGSS6ls» 

The reactive dilatation, wMch follows in the chilled finger within three to eight 
minutes after the application of cold, occurs independently of the vasomotor system. 
Evidence ; The dilatation may be limited to the chilled finger and maj occur t lere 
when the vasoconstrictor tone is high in the control fingers. 

Vasoconstrictor reflexes were elicited in the chilled finger during the reac 
dilatation in some experiments, while in other instances definite evidence of va.=o- 
constrictor paralysis in the chilled finger was obtained. Authors. 

Hertzman, A. B., and Both, L. W.: The Reactions of the Digital Artery and 

Minute Pad Arteries to Local Cold. Am. J. Physiol. 136: 680, 3942. 

The selective effects of local cold 'on the terminal pad vessels and 
artery of the chilled finger were demonstrated by means of photoelectric p c . 
graphs. 
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rise in Anger temperature permits relaxation ol t^us tvTtcrj. . 

xie effects of these reactions on the propagation of the pulse in the Anger s 
, artSal tSem were stuaied by recording the pad pulses with high frequency gal- 

iTthe usual experiment, the time relations and form of the pad pulses in the 
chilled finger were altered only moderately and in the direction which rvould lie 
predicted from the relative participation of the pad and digital arteries in the reac- 
tions to cold. . . 

In a few normal subjects, the reactive dilatation produced a pad pulse similar 

to that seen in chronic hypertension, thus suggesting that one of tlie factors re- 
sponsible for the change in pad pulse form in hypertension may bo the shunting of 
blood through direct arterio-venous communications. 


A TTTTTnT>C 


Nylin, V. G., and Malmstrom, G.: Further Investigation Concerning the Inter- 
pretation of Prolonged Circulation Time in Cardiology. Cardiologin 5: .IS.'!, 
1941. 

Eesearch into the circulation time by means of the decholin method .showed 
that in 48 healthy persons the time until the first taste perception sot in varies 
between 8 and 21 seconds, an average of 12 seconds, showing a standard donation 
of 3.6. The period of taste perception varies between 7 and 24 .seconds, an aver- 
age of 12.8 seconds, and showed a stand.ard deviation of 4.0, 

Examination of the same healthy persons at tho same time demonstrated that 
the circulation time in a recumbent position, when the rest blood quantity is larger, 
was longer; in a standing position, when the rest blood quantify is smaller, the 
circulation time was shorter. 

This change in the circulation time by' altered body position cnniiot be due to 
an increase in the minute volume on the basis of "getting up work." The work 
test demands relatively very heavy' work to produce the- same shortening of the 
circulation time as in getting up. Neither can it be explained either bv livdro- 
static blood dislocation phenomena or by' alteration of the pulse frequence, the 
pulse and minute volume appearing on such altcration.s of position. The latter fall 
entirely out of account or are considerably' reduced by' a mechanical ligaturing of 
the thigh before the position change. On the other hand, the circulntion time on 
arising from a recumbent position is also shortened after the thigh has been 
ligatured. The .shortening appears to be quantitatively' not smaller. 

There appears to be a definite correlation between the circulation time and the 
size of the heart in compensated cases of cardiovascular disease. 

AuTHons. 

Hirsch, V. S.: Concerning the Kegulation of Blood Flow in the Coronary Artery 
System of Man and the Possihility of Its Histologic Proof. Cardiologia 6: 31, 


wl.S coronary artery .sy.stem there are small brunche.s, the walls o 

ulneh contam layers of so-called epitheloid cells, such as have been variously descr be 
m the jugular or cushion arteries of other ves.sel provinces. ^ 

supposed from phy.siologic and clinics 

facts and demonstrated 30 years ago were confirmed histologicallv bv the nrolf 
arteriovenous anastomoses. mscoiogicaiij by tlio proof o 
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According to our findings there are peculiar relations of the so-called epitheloid 
cells to the elastic elements of the vessel wall. The proof of these cells, sometimes 
in the one, sometimes in the other sector of the vessel wall, sometimes inside, some- 
times outside a closed elastica interna, and the fact that the elastica itself resolves 
into lines and dots point to a strong plasticity not only of the epitheloid cells but 
also of the elastic elements as well. Furthermore, the near local relation of the 
regulatory arrangement of the nervous apparatus is remarkable. 

Generally speaking, the previous observations of blood circulation regulators in 
both man and animals ensued more or less accidentally, our experiments, however, 
gave a definite proof of the conditions of the possibilitj- of their delineation. Tlie 
evidently very sensitive formations found in the small arteries are only definitelv 
provable histologically when one succeeds in fixing the blood before firm coagulation 
sets in. The result of our research appears, from a general point of view, of great 
importance for the critical estimation of the observable normal formation of small 
vessels in a cadaver and in a greater measure of pathologic changes. 

AtiTHon. 


Nicholson, J. C.: Cardiac Massage. Brit. M. J. 1: 385, 1942. 

The author emphasizes the extreme urgency of this condition, which may arise 
in any operation, however trivial. The decision of whether to attempt cardiac 
massage must be made at once, and one must act with utmost speed. Only if this 
is done is any good likely to ensue. 

ircCtmr.ocH. 

Egan, W. J.; Cardiovascular Disease in Industry. Wisconsin M. J. 41: 217, 1942. 

The writer reports his experiences in the management of the industrial per- 
sonnel. It is his belief that he has reduced the rate of mortality of the employees. 
He is known to have definitely reduced absenteeism from illness. 

Authoe. 


Dowry, E. F.: Evaluation of Heart Signs in Navy Eecniiting. Mil. Surgeon 90: 
37, 1942. 

The author describes briefly the usual signs of borderline cardiac disease and 
disturbances in the recruits. 

McCulloch, 

BramweU, C.: Wartime Problems of a Cardiologist (Finlayson Memorial Lecture). 
Glasgow JL J. 19: 1, 1942. 

A useful resume in classical form by a real master of the common problems 
facing selective service boards and cardiologists in the armed service. The prohlem 
of accurate diagnosis and classification is really important to the draftee and the 
service which the examining physician represents. 

ilcCnLLocn. 

Allen, C. E., Stutzman, J. W., Slocum, H. C., and Orth, 0. S.: Protection From 
Cyclopropane-Epinephrine Tachycardia by Various Drugs. Anesthesiology 2. 
503, 1941. 

Procaine, carbon dioxide, quinidine, morphine, ergotamine, F 8S3 (diethyl-araino- 
methyl-benzo-dioxane), and yoliimhine have been studied for the prevention of eje o 
propane-epinephrine tachycardia. These agents are all protective in proper dosap - 
The etTeetive amounts per kilogram when administered intravenously are.^ 

16 mg.; quinidine, 15 mg.; ergotamine, % mg.; F 883, 2.0 mg.; and yohinihine, 
mg. The morpliine dose was S mg. per kg. when given subcutaneously. Twenty 
24 per cent carbon dioxide in tlie anesthetic mixture also gave protection. 
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It is believed tiiat procaine, carbon Y 88:’, and 

cyclopropane epinephrine tachycardia yohimbine thrJugh its adrenolytic 

--- - — 

depression. AttTHOns, 


TMenes, C. H., Greeley, P. O., and G-uedel, 
Cyclopropane Anesthesia. Anesthesiology 


A. E.t Cardiac Arrhyrthmias Undor 
2; 611, 1911. 


Cardiac arrhythmias occur in eyclopropane anc.sthesia. These 
appear at abont the beginning of respiratory failure, and arc typically of the natuie 

of ventricular extrasystoles. . , , • \ i.,,.,,,,,- 

High concentrations of cyclopropane (50 to 7o per cent in alveolar air), oi Urg i 
doses of atropine, abolish or minimize these arrhythmias in a large proportion of .sub- 


Cyclopropane does not seem to be toxic to the heart, since extreme concentrations 
failed to produce changes in cardiac activity which we can interpret as muscle de- 
pression, except in the presence of anoxemia (experiments on the dog). ^ 

A-V nodal rhythm occurred in a small number of human and dog subjects at 79 
per cent eyclopropane. Increasing the concentration to 100 per cent resulted in AA 
nodal rliytlim in most dogs. 

An explanation of the effect of high concentrations of cyclopropane on cardiac 
arrhythmias is suggested. 

Authors. 


Kaltreider, N. L., Meneely, G. R., and Allen, J. B.: The Effect of Epinephrine on 
the Volume of the Blood. J. Clin. Investigation 21: 339, 1942. 


Aleasurements were made at rest of the volanie of the blood and its components, 
and variations in the volumes were followed after the subcutaneous injection of 1 c.c. 
of epinephrine (1-1000). Further observations included measurements of tbe blood 
hemoglobin and viscosity, serum proteins, venous and arterial pressures, velocity of 
the blood, and pulse rate. Tlie.se observations lead to the following conclusions: 

1. In normal individuals, following the admini.stration of epinephrine, there is 
a prompt and definite decrease in the plasma volume, which persists in most case.'; 
for at least 45 minutes. In tlie majority of cases there is a .slight increase in the 
cell volume. These alterations are associated with an increase in blood hemoglobin 
and viscosity and serum proteins. Following the administration of the drug, tlie 
systolic pressure increased while the diastolic pressure fell slightly. 

2. In individuals who have polycythemia vera with splenomegaly, epinephrine 
causes a definite decrease in the plasma volume, a moderate increase in cell volume 
with little change in tlie total volume. 

3. After the injection of epinephrine into 2 individuals wliose spleens had been 
removed, there was a decrease in both blood and plasma volumes, accompanied bv a 
slight decrease in the cell volume. 

4. The effects of severe exerei.se and of epinephrine on the components of the blood 
volume are similar. 


L. W. Eoth. 


Dah, U. D., and Jacques, L. B.: The Prevention of Experimental Thrombosis bv 
Dicoumarin, Canad. M. A. J. 46; 546, 1942. ^ 


Intravenous injection of 3, 3 methjdenebis (4-hydroxycoumarin), "dicoumarin " 
mereases the prothrombin time of dogs. The administration of this substance ’in 
■ fficient amounts prevents the formation of intravascular and extravascular thrombi 
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This demonstrates an intimate connection between the clotting mechanism and tlic 
formation of thrombi (agglutination of platelets). Further, it provides an ex- 
perimental basis for the clinical use of the material to prevent thrombo.sis. 

Due to its cheapness, its long action, and the fact that it is active on oral adminis- 
tration, dicouniarin possesses many definite advantages for clinical use in the preven- 
tion of thrombosis. The long latent period before its effect is demonstrable and the 
impossibility of terminating this effect quickly may constitute disadvantages. Before 
its clinical use can be recommended, further studies regarding its toxicity should be 
undertaken. 

Amiions. 

Flaxman, N.; Digitalis in Arteriosclerotic (Coronary) Heart Failure With Normal 

Ehythm. J. A. DI. A. 119: 252, 1942. 

The action of digitalis on 51 patients with arteriosclerotic (coronary) heart 
failure with normal rhythm was studied. 

The patients were divided into two groups: those with a normal rate (31 or 61 
per cent) and those with sinus tachjmardia (20 or 39 per cent). 

Digitalis was most effective on those with isolated failure of the left ventricle 
and a normal rate, and least effective on those with- combined ventricular failure 
and sinus tachycardia. 

The action of digitalis is primarilj' on the myocardium and not on the cardiac 
rate, as noted by the mortality of 6.4 per cent in those with a normal rate and 
60.0 per cent in those with sinus tachycardia. 

•The use of increased amounts of the newer digitalis, IT. S. P. XI, only brought 
on early toxic reactions and had no effect on the mortality. 

Author. 

DeGraff, A. C., and Lehman, B. A.: The Acute Toxicity of Mercurial Diuretics. 

J. A. M. A. 119: 998, 1942. 

The lethal doses for six mercurial diuretics when injected intravenously in the 
cat so as to kill within twenti' to thirt 3 '- minutes are salj'rgan -theophylline 1.11, 
mercupurin 0.83, mereurin 0.70, saljwgan 0.41, esidrone 0.24, and esidrone without 
tlzeophylline 0.27. TJiese values are in cubic centimeters per kilogram and have 
been adjusted to a mercury' content of 40 mg. per c.c. 

Previous treatment with oral ammonium chloride, oral phenobarbitnl, intra- 
venous aminophylline, and intravenous digitaline Nativelle had no effect on the 
lethal dose of mercupurin. 

At least in the case of mercupurin, the lethal dose is smaller the slower the 
rate of injection (or the greater the intei-val between injections). This suggests 
(a) that the sudden death following tliese drugs cannot be avoided by slow injection 
and (b) that lethal doses of the various drugs should he compared only when the 
animals die within the average time of interval. 

Dilution of the drug is of little value in preventing death from the intravenous 

injection of mercupurin. 

Death is caused by action of these drugs on the heart. An earlj' manifesta ion 
is a change in intraventricular conduction while the terminal effect is either venfricu 
lar fibrillation or respiratorv' failure secondarj' to the cardiac action. 

Authors. 


Barker, M. H., Lindberg, H. A„ and Thomas, M. E.; Sudden Death and Mercurial 
Diuretics. J. A. hi. A. 119: 1001, 1942. 

In a search for common factors and pertinent points in four deaths 
mercurial diuretics the authors note that all four patients had suffered from 
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chroBic B-astiBg aiscu.e. Edema Imd Been present in vnrml.lo nn.ounts » or ma > 
months Each patient had received dinrctic salts, chiefly ununonn.m nitrate and 
Ttassium chloride, in variable amounts as a salt substitute. The sequence ot events 
Lding to death ^verc similar. Three patients who had had definite cardiac daiimgc 
received digitalis occasionally, but none were taking it at the time of death. One 
patient, however, was taking urginin. Two patients had advanced renal disease and 
a third had moderate cirrhosis of the liver. Three of the patients had received nu- 
merous injections of dittcrent mercurial diuretics (ranging from tifteen to two him- 
dred) while the nephrotic patient died following the initial dose. To date the 
authors are unable to correlate the method of administration of the drugs, adjunct 
mineral diuretic salts or changes in the body eheiiii.stry witli the.^e fatalitie.-.-. Hecaiise 
of the wasting of the body tissue, which is striking in the edematous patient, they 
were unable to exclude a toxic effect of a relalive overdose of mercury. Wlielher in 
patients or in dogs, death by cardiac, arrest is similar, regardless of the typi' of 
mercurial compound employed. 






Brown, G., Briedfeld, L., Kisstn, M., Modcll, W., and Sussman, K. M.: Deaths Im- 
mediately Pollowing Intravenous Administr.ation of Mcrcnpnrin. .T. .A. Al. A. 

119; 1004, 1942. 

In the cases of congestive heart failure the iiil ravenous injection of 2 c.e. of 
mcrcupurin wa.s followed by iminodiate deafli. 

In 3 of the 4 cases immediate reactions were noted after intriivenon.'.- inject ion.s 
prior to tlie final one. These included dyspnea, orthoiuien, sweating, piillor, brady- 
cardia, and .syncope. In no case was there a delayed reaction siicli as miglil be due 
to massive diure.sis, loss of chloride or disturbance of the electrolyte balance. In all 
the patients a satisfactory but not massive diure.sis followed previous injections of 
mercupurin. 

Two of the 4 patients laid received iniramn.sciilar injections witli adequate effect 
and without toxic reactions on previous occasions. 

AuTiinias. 


DeGraff, A. C., and Nadler, J. E.; A Review of the Toxic Manifestations of 
Mercurial Diuretics in Man. .1. A. Al. 119 ; 1000, 1942. 

Alercunal diuretics are useful drug.':, frequently indisjicnsabJe, and it would be 
unwise to restrict their clinical application on aceoniit of an occasional untoward 
reaction. It should be borne in mind, liownver, that tlie..:o drugs are verv ])o1ent and 
they must be u.wd with duo consideration to contraindications, associated medication 

suci as igitalis, state ot salt and water balance, and ])revions reactions .shown bv 
tiiG patient. 
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HEART DISEASE IN THE ARGENTINE- 

Pedro Cossio, M.D. 

Buenos Aires, S. A. 

T he important and useful activity developed by United States in- 
vestigators during the last few years has had great influence on the 
progress of medical laiowledge everywhere, and the repercussions thereof 
in the Argentine have been so great that, today. North American medical 
literature predominates above that from all other countries, quite con- 
trary to the situation in the past. 

In respect to heart disease, this influence has been even more marked 
in my country, so much so, that the nomenclature and criteria for its 
diagnosis, as adopted by the American Heart Association, is used in 
every heart clinic, and the textbook written by the president, Paul D. 
White, has the greatest circulation and respect in the field of cardiology. 

As a consequence, for the last few years, 90 per cent of our physicians 
who have gone to study abroad have chosen the United States; that is 
how I came to Noav York in 1936, and I had the good fortune to see 
for myself, and appreciate, that exceptionally clear-sighted man, Lewis 
A. Conner, whose name has been given to this special lecture on cardio- 
vascular problems. 

Now I have come again to the United States to give the Conner 
Lecture on heart disease in the Argentine. This quite unexpected honor 
is deeply appreciated by me, and should be interpreted as a generous 
act on the part of the Auierican Heart Association to the investigators of 
heart disease in my country. This, indeed, is handsome proof of the 
human solidarity which binds us together more than ever in these days 
that challenge traditional American liberty. 

PUBLIC HEALTH PROBLEMS 

The Public Health Service of my country, on several occasions (Sussini 
and Cossio,^ and Spangenlierg-), has considered heart disease as one 
of the fundamental prolilems of public healtli. This is due not onl}’’ 

*Lewis A. Conner Lecture, American Heart As.s-ociation. held in Atlantic Citv. 
N. J.. June 1942. 

Received for publication June 22, 1912. 
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to its wide incidence in all walks of life, but also to the gravity of llio 
economic loss to the community. 

Macera and Ruchellr found organic heart disease in 2.4 per coat of 
10,000 school children. Bocalandro, Carron, and Segura’’ also found 
heart disease in 1.4 per cent of 6,806 soldiers who were 20 years old. 
Rodriguez'' found heart disease in 3 per cent of railway employees whose 
average age Avas 35 years. If these rates are taken in relation to ihe 
various age groups of the Argentine population, it must be accepted tbat, 
among the 13,000,000 inhabitants of my country, there arc approximately 
2 per cent Avith heart disease, that is to say, a total of 260,000 (Table I). 

Taboe I 

Incidence of Heart Disease in the Argentine 

INCIDENCE 

(per cent) 


School children 

2.4 

Soldiers 

1.4 

Railway employees 

.3.0 


Population: 13,000,000. 

Population with heart disease : 260,000. 

Heart disease incidence ; 2 per cent. 

The official statistics of mortality shoAV that heart disease is the chief 
cause of death. The average number of deaths today in my country 
is 161,223 per j^ear, of udiich 26,068 are caused by heart disease, 24,909 
b}'’ pulmonary disease exclusive of tuberculosis, 17,531 bj’- disease of the 
gastrointestinal tract, 13,850 by tuberculosis, 10,813 by cancer, 10,604 by 
disease of the nervous system, 8,921 by infectious diseases, excluding 
tuberculosis, and the remaining 49,987 by Amrions other diseases. Tliese 
incidences signify the • f olloAving percentages in mortality: heart disease, 
16 per cent ; pulmonary disease, excluding tuberculosis, 15 per cent ; 
gastrointestinal disease, 11 per cent; tuberculosis, 9 per cent; cancer, 7 
per cent; nerAmus system disease, 6 per cent; infectious diseases, exclud- 
ing tuberculosis, 5 per cent, and other diseases, 31 per cent (Table IT). 


TABiiE n 

Mort.mjty (Absoi-ute and Per Cent) in the Argentine 
Kepubeic and in Buenos Aires 



ARGENTINE REPUBEIC 

BUENOS AIRES 


AB.SObUTE 

PER CENT 

ABSOI.UTE 

PER CENT 

Heart di.sease 

Cancer 

Pulmonary disease, excluding 

26,068 

10,81.3 

24,909 

16 

7 

13 

6,894 

4,286 

3,064 

24 

15 

11 

tuberculosis 

Tuberculosis 

13,850 

9 

2,748 

jn 

Q 

Disease of the nervous system 
Ga.‘itrointe.stiiial disease 
Infcction.s, excluding tuborcu- 

10,604 

17,531 

8,021 

() 

n 

5 

2,4 ho 
2,273 
1,212 

8 

4 

losis 

Other causes 

49,987 

oi 

0,56.1 

19 
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of age, 11 per cent among those 20 to 40 years old, and only 5 per cent 
in those under 20 years of age. 

If this mortality from heart disease is compared to all other causo.s 
according to age groups, it will he seen that 1 in every 3 deaths is from 
heart disease in people over 60 years of age, and, in every 5 deaths, I 
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COSSIO : 


IIKAUT DISKASK IN THK AIUIICNTINK 


is lro.n hoart .lisi-asa in U.oso l.«hvo«ii -W ami 60 yoars „1 aso, "6a a. - , 
i„ ,,co|>la (>r M l<> +0 yaara of aRO. (inl.v 1 mil "I » <l«ill'» is I™"' ' ' 

disLc, ami among . those nmlea 20 .veam "t ago, 1 out ol 00 m Irora 
heart disease (Fig. !)• 

The predominance o£ lieart di.sea.se in die mortality of my country 
lias i^raduallv become a fact during the last few ycar.s, br.st, by its 
alrsolutc increase, and, second, as a result of le.sscning of some of llie 
other causes, e.spccially infectious diseases, including pneumonia and 
tuberculosis, as well as gastrointestinal diseases. 


In 1920, in Buenos Aires, 4,100 persons died from heart, disease (h'igs. 

2 and 3), which is 254 out of every 100,000 inhabitants; now tlie deaths 
number 6,894, wliich is 280 out of every 100,000 inhabitants. 

In the same year, 1920, on llie contrary, tlicre were 214 deaths i)er 
100,000 from tuberculosis; 213 per 100,000 fi'om lung disease, excluding 
tuberculosis; 165 per 100,000 from gastroinlcstinal disea.se; and 91 
per 100,000 from other infectious diseases, whereas, today, there are 
110 per 100,000 from luhcreulosis ; 120 per 100,000 from pulmonary 
disease, excluding tuberculosis; 90 per 100,000 from gastrointestinal 
disease, and 5 per 100,000 from otlicr infectious diseases. 

It is not possible to know with any exactness the economic lossas 
caused by lieart disease, but, to give some idea, it is enough to say that 
40 per cent of the pensions paid to invalids in the wliole countiy are 
drawn by people with lieart disease. Tlie Civil Service Pension Board 
for the 300,000 government employees paj\s 6,000,000 Argentine paper 
dollars annually for lieart disease incapacity alone. The Railway Pension 
Board for the 140,000 employees paid, during the last IS years, 
32,000,000 Argentine paper dollars for heart disease incapacity. It lias 
been calculated that the pecuniary losses occasioned by lieart disease in 
my country are more than 100,000,000 Argentine ])aper dollars per year, 
including medical attention and virtual salaries. 


The causes of heart disease in the Argentine are the same as in other 
countries, but with different predominances occasioned by climate, habits 
and other unknown factors. ’ 


The city of Buenos Aires, Avitli 2,500,000 inhabitants and ways of 
living common to all big cities, is situated at south latitude 35°, witli 
a temperate, but clamp, climate. The causes of heart disease, according 
to clinical, radiologic, and electrocardiographic studies of 10,000 patients 
(4,000 private ea.ses and 6,000 hospital eases, the last including more 
than 400 autopsies), are as follows: coronary iimifficiency, 29.6 per 
cent; mfeelious disease, 28.1 per cent; rheumatism, 18.2 per cent- 
syphilis, 7.7 per cent; arterial hypertension, 27.5 per cent (systemic! 
per cent pulmonary, 3.7 per cent) ; thyrotoxicosis, 5.8 per cent- 

• pel cent; and unknown causes, 1.5 per cent (Table III). 
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i’his iuuklcmtc is modified hy age. Araiiu and Kroulx.ci', in stndjiii'^ 
J.aOO cliildron with ()ri,mnic. ItoaH disease, ronml riienniat ism in (iO per 
cent, congenital anomalies in 28 pt'r cent, and several otlno’ eanses in 
12 per cent; that is to say, of. 1(1 children, (5 luid rheumatism, 8 congenital 
anomalies, and 1 heart disease of another kind, Jletwcen the ages of 


20 audio years, rheumatism remained the chief cause in 4 out of 10 eases. 
After 40, the most im]M)rtant cause is coronary disease ami arl<'ri!d 
hypertension in the following proportions; in every 10 eases tliere are 
4 of coronary disease, 3 of hypertension, and 3 of other diseases. After 
the age of 60, this proportion is greater, i.e., 6 of coronary disease, 3 of 
hypertension, and 1 of other diseases (t.'ossioand (’amjtana'). 



ta the feat, 17 >c! cefe a, r"": “T''” 

roftaty. i„ Private pt.ari’i;^ 

IS much more common tlnn aaioT.o-’i o i’ ‘ingnia ]icclori.s. 

among private patients ripresenls^fi^T coronary di.soa.so 

group, 23.3 per cent. ^ ‘ ^ hospital 
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It lias been tlionght by some that a diet in Avhich meat predominates 
is an important factor in atherosclerosis. Study of the cansc.s of hcai't 
disease in the Argentine does not support this hypothesis, for the yearly 
consumption of meat per person is 107 kg. and the incidence of coronary 
disease is onh’ 29.6, whereas, in the United States, the yearly consump- 
tion of meat per person is 66 kg. (Gomez®), and the incidence of coronary 
disease is 37.7 per cent (White and Jones®). 

In other cities of my country (Fig. 4) the incidence of the causes 
of heart disease is similar to that in Buenos Aires, but with some dif- 
ferences according to the climate and the degree of commodities ayail- 
able. In Kosario, with its 500,000 people, and more or less the same 
climate but quieter living, Gonzalez Sabathie^® found less coronary artery 
disease among 4,500 private and hospital patients. Castro Aubone'" 
found more rheumati.sm among 3,594 patients in the city of i\Iendoza, 
which has a population of 83,000 but a colder winter. On the contrary, 
in Cordoba, with 273,000 inhabitants and a much warmer and drier 
climate, Maldonado Allende’^® found very much less rheumatism, i.e., 
only 11 per cent, but more syphilis, i.e., 17 per cent. 

JtEDICAL TEACHING AND C.\RDIAC CLINICS 

In 1930, Padilla and I organized, in the Physical Diagnostic Institute 
of the j\Iedieal School of Buenos Aires, the first postgraduate course on 
heart disease, which consisted of lectures and bedside teaching. Since 
then, other similar courses have been conducted in tlie Institute of 
Phy^siologj^ and in the Eamos Mejia Hospital, also at Buenos Aires. 
During the last few years a postgraduate coui-se in heart disease has 
been held in the Institute of Physiology of the Medical School of Cordoba. 
The result of these activities is that today there are in my country for(y 
specialists in heart disease, all members of the Argentine Cardiological 
Society, which holds six meetings yearly in the chief ho.spitaIs of Buenos 
Aires. The Argentine Heart Journal, already in its ninth year, is the 
official organ of this society. 

In some of the hospitals of Buenos Aires there are “cardiac clinics " 
and, in the others, “heart stations or laboratories” in charge of specialists 
in heart disease, Avith all the equipment necessary^ to make a complete 
diagnosis. In addition, each cardiac clinic has its own social service. 
The clinics have accommodations for inpatients and outpatients, the 
stations only for outpatients. Some cities in the interior, such as Rosario, 
Cordoba, Tucuman, and Mendoza, also haA'e their OAvn cardiac clinics 
or heart stations, AA'hich are organized like those in the city of Buenos 
Aires. 

One of the cardiac clinic-s, for example, A\diich is in my pei’sonal cliaigc 
at the Medical School Hospital, has forty beds for cardiac patients. lu 
addition to the regular diagnostic equipment, Ave haA'e instniments for 
research Avork, such as apparatus for optical graphic and electiica 
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Ipltea avho are pensioned off fov heart disease. TIus dopartme, t also 
ft, actions in the periodie health examinations of Govcmincnt cmplojecs 
as a preventive mcasnre against incapacity tlirough lieavt disease. 


RESEARCH COKTRlBHTlOlvS 


The first original contribution in the Argentine was tlie syndrome 
happily called by Ayerza,^^ in 1901, "cardiacos negros,” meaning lilack 
cardiacs, consisting of hypereyanosis, dyspnea, and overstrain of the 
right ventricle, with edema. In the beginning there was some confusion 
about this syndrome; it was thought to have a specific cause, and was 
called primary sclerosis or syphilis of the pulmonary artery (Arrillaga'"), 
liyperplasia of the marrow (Eseudero*^), and so on. Later, intensive 
studies have shoinr that the initial lesion is a chronic bronchopneumonia 
caused by a common infection, exceptionally by sjiihilis or tuberculosis, 
witli or without pulmonary arterial sclerosis and obliteration of the 
smaller arteries and arterioles ; this is followed by overstrain of the rigid 
ventricle, with myocardial failure, which is today called chronic cor 
pulmonale, but with the particular characteristic that cyanosis pre- 
dominates because of a disturbance in the gaseous interchange iir the 
hrngs brought about by lessening of the tension of the alveolar oxygen, 
i.e., so-called alveolar liypoventilation, caused by loss of the pulmonary 
elasticity and an increase of the pulmonary dead space (Ayerza, Solari, 
and Berconsky,’^ Cossio and Berconsky,^® and Capdehonrat'®). 

Several other contributions have been made, but only a few will Ije 
mentioned. 


In 1917, Hardoy and Houssay^' proved, by experiments and clinical 
obsemtions, the value of giving l or 2 mg. of epinephrine by parenteral 
admnnstration in the Adams-Stokes .sjmdrome with auriculoventrieular 


«im, I t t>!' expenmenb on dogs. After a brief phase 
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eases, it was an exhaustive and sound study on this important metliod 
of examination, which Avas quite unknown to us at that time. 

Since 1928, Padilla and Cossio^" have used quinidine sulfate in- 
travenously in doses of 0.50 to 1.5 Gm. in a 5 per cent solution without 
liarming their patients. This has been given to patients with paroxysmal 
tachycardia of ventricular or supraventricular origin, paro.xysmal 
auricular fibrillation, and flutter; good results have been obtained even 
in eases in which this medication liad been ineffective by mouth. 

In 1929, Padilla and Co-ssio^^ made an exhaustive clinical and anatomic 
■study of eoronaiw arterial occlusion, in which they pointed out the im- 
portance of alterations in aurieuloventrieular and ventricular conduction, 
and of ventricular tachycardia in eases of infarction of the interven- 
tricular septum. In addition, they demonstrated for the first time the 
absence of the coronary S-T segment and of the coronary T wave in 
myocardial infarction with bundle branch block. Battro,-^ almost at the 
same time, made similar studies on coronary occlusion, and, some years 
later, ]\Iartinez^^ did the same. 

In 1931, llartini and Joselevich’^ made an extensive clinical and 
anatomic study of the right ventricular failure which is caused by dis- 
placement of the interventricular septum (.sj-ndrome of Bernheim). 
They emphasized that the absence of limg congestion is a differential 
point; such congestion is charaeteri.stic of right ventricular failure 
secondary to left ventricular failure, which is always accompanied by 
pulmonary congestion of various degrees. 

From 1931 xmtil the present time, the graphic registration of heart 
sounds has been the object of special attention. 

Braun IMenendez and Oria.s'^ have recorded the third physiologic 
heart sound in 42 per cent of 100 medical students, and the prc.systolie 
auricular sound in 15 per cent. 

With my collaborators-® I have identified a systolic and a protodiastolic 
sound in aurieuloventrieular block. The systolic sound is present when 
auricular contraction coincides with the middle of ventricular systole, 
and the protodiastoKc sound occurs when auricular contraction coincides 
with rapid ventricular inflow, producing the summation phenomenon. 

We-' have given evidence of the alternation of heart sounds in cases 
of pulsus altemans. The alternation of the first .sound and of tbe gallop 
rhythm is always concordant, whereas the alternation of the second sound 
may be concordant or discordant in such a way that the heart beat which 
produce.? the larger pulse wave has a loud first sound, pronounced gallop 
rhythm, and a loud or a faint second sound. F® have proved that often 
there is a third, profodia.sfolie .sound in active rheuwniie heart disease 
with mitral regurgitation, and also that the functional mitral mninuir 
of rheumatic carditis occurs only in the early and middle phase.? of 
ventricular systole. 



COSSIO ; 


HKART mSEASK IN’ THE AlUEvNTIN!': 


.IT);') 


Goiialoz Sabnlliic” proved ll.nt, ''’j'''' 
that oi the inumonaij' aainc, i'> 


!=• have slioOTi that, willi aliriciilovHitriculav nodal i-hyllmi, the fiiat 
Jut Zd is londov and roduplicatad. This cnahlos «s to d,sl,nstn.sh 
paroxysmal tachycardia of aunculovcntnciilar nodal ougni. 

Lra934, Gonzalez Sabathie- called our aUention to engorgement o he 
left external jugular rein as a sign of lengthening and widening oi the 
aortic arch, with pressure on the left innominate yein. 

In 1935, Moia®- stated for the first lime that the T wave of the pre- 

cordial lead in normal children can be negative. 

In 1937, P" called attention to, and named, tlic “bronchial dance’’; 
tills curious phenomenon, a to-and-fro movement of the bronchi on llie 
right side, is easily seen on the fluoroscopic screen in the ])rescnce of 
unusual enlargement of the left auricle, with mitral regurgitation. 


Also in 1937, Battro, Brauii Menendez, and Orias"^ showed that, cloetro- 
eardiographic patterns of bundle branch block arc not ;ihvay.s found 
with abnormal asynelironism in ventricular contraction. 

In 1939, Enquin and Aguirre®'' ivere able to visualize the Avhole loft 
auricle and all of the thoracic aorta by ultrapenctvating radiography, 
giving evidence of its usefulness in the diagnosis of heart disease. 

In 1940, Arana and Kreutzer,®® in a study of 600 children with 
diphtheria, found that the electrocardiographic changes arc somolime.s 
reversible, and, at other times, irreversible, whicli should he remembered 
in order to avoid a inistake in diagnosis. 

In 1941, Yedoya and Gonzalez Videla®' differentiated two ty})cs of 
siuoaurieular block : one with occasional dropped beats and progre.s.sive 
lengthening of sinoauricular conduction, with heart beats in groups 
similar to the Wenekebach periods of anriculovenlricular block; and the 
other, with occasional dropped heats but without the progressive length- 
ening of sinoauricular conduction. 


Also in 1941, Cossio, del Castillo, de la Baize, and Reforzo®® demon- 
strated reversible heart enlargement in cases of nontoxie goiter after 
Ihyroidectomju This enlargement is apparently due to overstrain of tlie 
right ventricle caused by an arteriovenous fistula in the thyroid <daiKl 
and the neighboring vascular bed. ' 

Knally, since 1937, arfci-W hypertension ennsed hy ehmpinn 
eiwi arteries of dogs has been the suhject of a great deal of stndv” 

In 1937, Houssay and Paseiolo®® gave a clear deiumi«fvn+- J 
ischemic kidney of hypertensive doj hjrats “ nTel^T, 
the blood. Grafting such kidneys into tbp n i c tibstanee into 

tomized dogs caused a rise in the blood pressm-e ot 
.enter, Honssay and TauninP. showed Jt 
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venous blood of ischemic kidneys produces marked vasoconstriction 
in the Lawen-Trendelenljurg preparation of the load. 

In 1939, Braun Menendez and Pasciolo-" showed that acute ischcnha 
of the kidneys produced the same effects, and, with Leloir and ilunoz/- 
diseovered in this blood the substance, hypertensin, that is responsil)le 
for the pressor and vasoconstrictor properties of the venous blood of 
ischemic kidneys. It was found that this substance is formed by the 
enzymatic action of renin on a blood glolDulin called hypertensinogen. 
Another enzjone, hypertensinase, which is present in blood and tissiie.s, 
destroys hypertensin. The ischemic kidneys secrete renin into the blood, 
and hypertensin is formed subsequently in the blood by the action of 
renin on hypertensinogen (Leloii*, Munoz, Braun Menendez, and 
Pasciolo^^). Benin has been found in the renal venous blood and in the 
general blood of hypertensive dogs (Dell ’Oro and Braun Menendez^^). 
The experiments of Huidobro and Braun Menendez"*® have shown that 
renin is secreted, even bj”- normal kidneys, whenever the blood pressure 
falls. The kidne.Y thus seems to play its part in the normal regulation of 
arterial blood pressure. 
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PATENCY OF THE DUCTUS APTERIOSUS IN ADULTS 

Angel Keys, Ph.D., and M. J. Shapiro, M.D. 
j\IiNNEAPOLis, Minn. 


T he first successful ligation of a patent ductus arteriosus was re- 
ported by Gross and Hubbard, in 1939. Since that date, numerous 
additional successes, and some failures, have stimulated much interest in 
the subject. Gross®^ (1941) has nmv operated on thirty patients witli 
only two fatalities. The record of Jones'^ is almost as impressive : twenty- 
six operations with two failures. We now have records on 134 opera- 
tions to ligate the ductus ; nearly half of these have not been reported 
except by personal correspondence to the authors. The analysis of those 
operations ivill be reported elsewhere (Am. J. M. Sc., in press). 

Patency of the ductus arteriosus is apparently much more common 
than was previously believed. We have personally studied, with some care, 
fifty-one patients with this condition in the IMinneapolis and St. Paul 
area. Jones, Dolley, and Bullock’® have seen about sixty-five eases in 
the Los Angeles area. Rough calculation would suggest that there are 
at least 20,000 persons with a patent ductus arteriosus in the United 
States at the present time. There is cleaidy a need for careful considera- 
tion as to what should be done ■with these people. Apart from considera- 
tion of the immediate results of operation, there is the question as to what 
eventually happens to persons with patency of the ductus arteriosus in 
the ordinary course of events. Evidence is obtained on this point from a 
consideration of our oAvn patients, many of Avhom have been followed 
for years (several for eighteen years each). In addition, there are the 
scattered reports in the literature Avhieh have never been satisfactorily 
collected and analyzed. Tliis paper is a report on patency of the ductus 
in adults; adults are defined as per.sons IT years of age and older. 
Further, we shall confine ourselves primarily to cases in whicli autopsies 
were performed. For this anaUsis we have clinical and post-mortem 
records of sixty-seven patients in the literature and four patients from 
our own series. Of these, sixty-one patients had no other important ab- 
normalities and maj' be considered typical. 


From the Laboratorj' of Pliysiolog-ical Hyyiene. University of Minnesota, and the 
Lymanhurst Cardiac Clinic of the City of Slinneapolis. . c i 

This work was aided by a grant from the 'Uniyer.sitj' of Ln 
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Since this paper was written, one of our patients who had 
tion for ten years developed subacute bacterial endartenti.s PPfU’Vhp ,iLfh Sir' 
three months. tVe were not informed of her condition PPUj Hip emlartcriti.^ 

was a sixteen-year-old girl wlio was apparently in good heUth until tli ■ jyq 
developed. Pliysical examination revealed typical -sipis of ' ‘lurcic.'il 

arteriosus. The heart was of normal size. She had had no “'’ j ” Yy^iUinatlon 

treatment had been advised previou.sly. but w,a.s reUi.sed. The lieart 

revealed a widely p.atent ductus, witli sHperiiiipo.‘-e<l bacterial '‘P/*'!,' ^ ' ' J'; ‘ . .i,',. „;is( 

weighed 27.5 grams. Five additional j-atients liavc been operated upon in 
year liy Dr. Owen ‘Wangensteen, all with complete sticees.'-'. 
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KEYS AND SHAPIRO: PATENCY OP DUCTUS 


ARTIORIOSUS IN ADUUTS lo!) 


Hcvoris From ihc Liicraturc.—The first case of! typical patency of the 
ductus arteriosus in an adult, with elinical and ])ost-niortein observations, 
was reported by Chevors’' in 1S45. The iiatient, an adult woman, was 
said to have died of tuherculosis, but, from tlie meager history and ])Ost- 
mortem report, it appears i:)ossible that death may actually have been 
caused by subacute bacterial endarteritis. 

Brief notes on the cases from the literature arc given in A])]iendi.\ A 
to this article. Before considering the salient characteri.stics of thc.se 
cases, we shall report the adult patients of our own wJio came to au- 
topsy. 




.simiiUancou.s pul.se wave record on patient No. i. 
brachial '^arterv ' second left Intcrco.stal .space, pul.se recorder on richt 


fleaVion wk.s used as i^ 


Note that .same ampli- 


REPORT OF AUTIIOR.S’ CASE.S 

are^L'follmv.s*-^ ra.se.s, ivo have hud 4 nduH p.-ilients wtio came to aulop.sy. Tlic.se 


Case This tS ycai-old man had 
.VCiirs; the diagnosis of hearl disease 


been .studied repealedly over a period 
liad been m.ade at the age of 2 vear.s. 


of (i 
Ttis 
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general health had been fairly good, but there was an increasing coniglaint of ex- 
ertional dyspnea, cough, and inability to do physical work. At the same time there 
was a gradual increa.se in the blood pressure, the .size of the heart .shadow, niul the 
density of the hilar shadows. Surgical closure of the ductus was roeonmiended. At 
operation the posterior junction of the ductus and pulmonary artery was raptured, 
and the bleeding could be controlled only by clamps. The patient died on the ninth 
postoperative day. 

Physical Examination Before Operation . — The patient was well developed and 
nourished, xvith no cyanosis, clubbing, or .signs of cardiac failure. There was a 
marked thrill over the .pulmonic area, and, in thi.s region, there was a loud miirnmr 
which was typical of patency of the ductus arteriosus; the murmur was transmitted 
upward, to the left, and to the back. The heart was moderately enhuged, chiefly to 
the left. The apical impulse was visible in the sixth left intercostal space. The 
pulmonary arc was considerably enlarged. The blood pre.s.siirc was f-14/dO, and the 
pulse rate, 88. There were a Corrigan pulse in the neck and a capillary pulse in the 
finger tips. 




Fig-. 2. — Roentgenogram of che.st of patient No. 1 

ductu.s and adjacent portion of pulmonary ait i . . 


Note ctamlis ou 


Special Examinations . — On ?> occasions, in the basal . K 

pressure in the right arm was 152/40/0; in the left arm, 146/ / , , 

leg, 204/120/80/0; in the left leg, 190/60/0; the pul.se rate was 84. 
mLibolic rate was -Ll per cent. -2 per cent. Total systolic 

kvmograpli) was 980 c.c. Total body .surface, 1.7:t il-- ‘’'7^'"'’', ,„nkv- 

(;.cetylene). O.TO L./min., stroke, 4;h8 c.c. Gross cardiac 
niogram), 7.56 L./min., .stroke, 90 c.c. Flow through ductus, .ibnut ■> ptr 
output of left ventricle. 



KKYS AXD siiAi’iKO: I’ATi'.Ncv Or DTicTt^s Ain'i:iJinsrs IN AW'i/rs 




JtHopsu (iil.stnic.l).— B-<ly l.'iiKth, 17!) .‘m.: wci-ht, 117, pouml,!. ‘;>’- 

jiiiosis of iiuillioas; no .1:11111, lii'c. Li'ft limu '••ilbiisi'il, 1 ,‘f) ),l.>iii:il •■nvil.v lillol willi 
filirino|,l:istic iniitoniil wHli nuiiionms porlii'ts of .-li:!!- :-,n,iis nnnl. 1 liftv vvi'ii- 
iilmnf 50 (;.<•. of (liis iUiiil in fin' ri-ilil pli'iinil ,-!ivi!y. 

Aliout 150 of Mlijilill.v liIoiMltin;;,',! jmrulfiit lliiirl \v>‘r,> finiinl in lln' ))i'i-i,-nr,riiil 
cavity. A fino, pOistic. roailil.v lirokon oxinlato unin',1 tin' iH'rii'tiviiinni willi tlio 
:interior surface’ of tlie left ventricle. Sir, p1»coMis rtri.ioiix was cuUnie,! from the 
pericardial niateri:,!. Tliere were live hy.<l erect oiny clamp? in the re;iion of tlie 
ductus arterio.^us. 



Fig. ?,. — .\nterior view of tlie Iic.-irl iiial great ve.sscl.s ,if jialiint No. 

Heart weight, 050 grams; genoralizeil liypertrojihy, more on rigid tlian the left 
side. Marked right-.sided cardiac dilatation. .Vll valve.s and chainlier.s normal; 
aiarked hypertrophy of the jitiiiilhiry inti.side.s of tricnsjiiil and mitral valve,?. I.engih 
of the ductus arteriosus, 5 mni. on the carditic .si.le, !ind L‘ or ii mm. on the hderal 
side. The tiortic orifice was about 8 mm. in dinmeter, the ]niImomiry orifice, mm, 
inimal idhoro.sclero.si.s in tiie aorta, none in the jntlmonavy iiitorv. 

liie left lung was comjiletely atelectatic, with no emboli, infarcts, or nb.sce.sse.?. 
le upper lobe of the rigid lung showed moilentte edeimi ; most of the lower right 
)e aas atelectatic. 'I'here was a sterile abscess, 2 cm. in diameter, in the head 
>e pancieas. I here was nothing else of importance. 
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DiaHiiosCK . — (1) Psiteiicy of the ductus arterjosus, {‘2) siii'pcal elosiire of tlic 
ductus, (J) atelectasis of left hnisj;, (4) sliglit tihrinoiis j)ei-icarditis, and (5) f:,i 
necrosis of the pancreas. 

Comment . — The attempted ligation of the ductus was jii.stificd in view of the 
evidence of decrea.sing tolerance to the condition. The shortness of the ductus ou 
one side presented a difficult surgical condition. After the ductu.s was clamped off. 
tlie patient’s condition was fair, and the blood pressure was 12.5/80. Nine daws later 
at death, there were no signs of union of the coinpre.ssed inner surfaces of tlie 
ductus. 

Case 2. — This 58-year-old man was admitted to the ho.spital with comidaints of 
stomach trouble for many years, and weakness, witli gastrointestinal symptoms, for 
IS months. A diagnosis of carcinoma of the stomach was followed by subtotal 
gastrectomy. Death occurred llS days later, preceded by pulmonary edema and 
liydT'opnenmothorax. 



History . — Aside from the long history of .stomach trouble and a transuicthr.il 
prostatic resection G years before admission, this patient had always been rea.'-onahh 
well and. able to earn a living at fairly hard work. Twenty years earlier he h.id 
been told he had heart trouble but had .miffered no .symploms except modeialo ex 
ertional dyspnea. A diagnosis of patency of the ductus arteriosus was made prior 
to gastrectomj'. 

Physical Examination . — There was a machinery murmur, typical of p.ilenc.r of 
the ductus arteriosus, with a slight thrill, over the pulmonic area. Tlie heart was 
enlarged to the left; the pulmonary artery was prominent; the aorta w.is somew i.d 
tortuous and calcification w'as present in the arch. There were no signs of c.irdi.ic 
failure. The blood pressure was 120/5G. 

Special Examination . — The blood prcs.sure in the right arm was 3.80/58, in ti c 
left arm, 354/58; in the right leg, IGO/GO; and in the left leg, ICO/GO; puisne rate, . • 
Total body surface, 1.70 Me. Basal metabolic rate, -1-35 per cent; -1-22 per cent, e « 
systolic heart volume (roentgenkymograin), G60 c.c. Gross cardiac output (rod 
genkymogram), 5.7G L./min. ; stroke, (52 c.c. Plow through ductu.s, about • 1 

cent of total left ventricular output. 
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Autopsy (Ahsiract ). — Body longlli, ISO cm.; weight, 140 pounds. No jaundice 
or cyanosis; slight edema of tlic anklc.s. Atelectasis and crepitation of tlio lungs, 
three large decuhital ulcers on the hack, marked dilafiition of the large howcl. 

The heart (and great vessels) weighed 550 grams, and both ventricles were hyper- 
trophied. The ductus arteriosus was verj" short, hut widely patent. The chambers, 
myocardium, and valves were normal. The pulmonary conus was dilated; the iutima 
of the pulmonary artery was smooth and normal except for thickening in the region 
of the orifice of the ductus. The aortic wall showed moderate . calcification in 
this region but was otherwise normal. Atherosclerotic changes were generally absent 
in the great vessels and were minimal in the coronaries. 

The liver weighed 1,850 grams, and showed pigmentation, congestion, and central 
atrophy. 




Fig. 5._Anterior view of the heart and great vessels of patient No. 3. 

Carcinoma of tho otomaeh, removed nnrBieally, 
Pacive conB..U.„ JZ, ‘VPa'-oPl.y «ad dil.taU.n, nnd ( 7 ) elironie 
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Comment . — This patient had suffered remarkably little disability from patem'v 
of his ductus arteriosus throughout a life of moderately hard physical labor. Tiier'c 
is no reason to believe that his death was related to the cardiac condition. Ligation 
of the ductus would have been difficult because of its shortness. The normal con- 
dition of the intima of the pulmonary' arterj' was notable. 

Cask 3. — This 46-year-old woman was admitted to the hospital July 29, 1941, and 
died .August 7. Her entering complaints were dyspnea, nausea and vomiting, 
anorexia, and pains in the feet, all of which had gradually increased in severity for 
several weeks. ’ 



Fig. 6. — ^Posterior view of the heart and great vessels of patient No. 3. 

History . — Since the age of 5 years, she had known that she had heart trouble, 
and had always led a somewhat sheltered but otherudse normal life. Her genera 
medical and family history were unimportant. 

Physical Examination . — She was well developed and moderately obese. There nere 
generalized anasarca, moderate ascites, and moderate cyanosis. The heart uas great i 
enlarged to the right and left, and the contour was that of congenital or mitra 
disease. The pulmonary artery was markedly enlarged, and the hilar .shadows niuc i 
enlarged. The heart sounds were rapid and regular, with no murmurs; there were 
rales in both bases. There was no fever or petechiae. The blood pre.«siire w.i- 
142/40. 
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„„-„„sls.-Sp. er., 1,030; Albumin, t++! «"'> 

tailnru ..d oongonital liciol <Ii»«.-o (inlcanrinulu, 

'^'^Couw.— The patient grew worse rapidly and died o£ heart failure. 


L. carotid o. 


L.subcl.a 


Imiom. a. 


Ductus arteriosus 


L.puim.a. 


Desc.ao.-- 



R.pulin.a. 


V-* • 

::f-' s 



/• .. i": 
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Fig. 7. — Opened aorta of patient Xo. 3. Note nunierous atheromata and sllgJil fold at 

oriftce of the ductus. 


L.corotido. 

I L. subcl.a. 



ris. 8.-Opened pulmonary artery df patient No. 3. Note atheromata. 


Autopsy (Abstract edema, 
ength, lo7.5 cm. The liver extended 
costal margin. 


cjmnosi.s or jaundice. 'Weight, 12.5 pounds: 
b cm. below tlie xlidioid find 2 cm. below the 
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The heart -K-eighea 700 Gm.: it 5howea marhed right ventricular hypertrophv ari 
some left ventricular hypertrophy. The ductus arteriosus vas patent and was ahont 
2 cm. long and 1.5 cm. wide. The pulmonary conus and the branches of the pul- 
monary artery were markedly enlarged. All of the valves were normal, and there 
were no septal defects. There was minimal atherosclerosis of the coronary arteries; 
the coronary orihees were normal. There was marked intimal atherosclerosis of the 
root of the aorta, the ductus arteriosus, and the pulmonary artery. 

The liver weighed 1.425 Gm. and showed moderate congestion. 

Microscopic examination revealed marked arteriosclerosis of all branches of the 
pulmonary artery. There was a large ante-mortem clot in the right main branch of 
the pulmonary artery. 


LcoroHd a. 

Innom.a. 1 L.subcl.a, 

'wy '' 



R. pylm.G. 

^ DuefuS 

arteriosus 





T-puIm.a. 


--Dcsc.oo. 


Fig. 0 . — Anterior view of heart and great vessels of patient Xo. 4. 

Diagnoses. — {\) Patency of the ductus arieriosu.s, (2) right ventricular hji 
trophv and dilatation. (3) pulmonary thrombosis or embolism. (4) pulraon-.rv 
teriosclerosis. and (o') mild chronic passive congestion of the liver. 

Comment . — The large patency of the ductus arteriosus allowed 4G jear.' of m ^ 
erately normal life but ultimately led to right ventricular failure. The diagnj.i. 
impossible because there was no murmur. It is possible that tlie murmur was au' ^ 
l;>efore the onset of failure. Anatomically, there apposircd to l>e no rc;i. n 
lijration could not have }>een pjerformed successfully. 



KEYS AKD SHAriRO: I’ATENCY OF 


P ductus AUTERIOSUS IK ADUI.TS ](»7 


q,\se 4.— Tins 53-year-ol(l woman was first admitfoil to llie liospilal Fcptomltor ‘J, 
1941, and died February 5, 1942. Her cnlerinp; complainls were Iieadaclio.s, nausea, 
vomiting, and lever, beginning about August 27, 1911. 

Ufstori/.— She had been told her heart disen.se was discovered before she was one 
year of ago. A definite diagnosis of congenital heart disease was made at the, age 
of 12 year-s. She had never been ine.upneitaled but was always forced to restrict her 
physical activity. At no time did she have complaints suggesting cardiac failure. 
At the ago of 19 she hud received digitalis for a lime (reason unknown). 


L. carotid a. 


L.subcl.o. 


Iniiom.o. 


Ductus aTtcriosus 


Dcsc.ao. 


% 



Fis. lO.-Opened aorta of patient No. 4. Koto ntberomata an.! fobl at orKlco of ductus. 


Srr//on removed fof- 
rw/crcuco/j/c Study 

L. carotid a. 


L.subcl.o. 


Innom.a. 


R.puim.o. 

Ductus arteriosus 



L.puim.o. 


Oesc. oo. 


) IV .. -y. • ■ % 
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'•pace .nid a machinery murmur, typicul of ivitenev r 
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tile back. She bad a Corrigan pulse and a capillary pulse in the finger tips. Tliere 
ivere rales in both bases. Both the liver and spleen rvere palpable, but not tender. 
There were no petechiae. The blood pressure in the arm was 140/65, and in tlic 
leg, 170/96. Her temperature ranged from 98°' to 103° F. Streptococcus viridans 
was recovered from the blood culture in 48 hours. The hemoglobin was 74 to SO 
per cent. 

The heart was enlarged to the left and right. There were marked enlargement 
of the pulmonary artery and increased shadows of hilar vessels. 

Urinalysis. — Trace of albumin; sp. gr., 1.002 to 1.018; no easts or erythrocytes; 
1 to 8 leucocytes. 

Diaynosis. — Patency of the ductus arteriosus, with superimposed subacute bac- 
terial endarteritis. 

Course. — Several courses of sulfathiazole, sulfanilamide, and sulfadiazine were 
ineffective. Eepeated blood transfusions increased the hemoglobin level from 35 per 
cent to 89 per cent. The temperature Avas normal during the last three weeks in 
hospital. Arrangements rvere made to attempt to ligate the ductus, but the patient 
expired after twenty minutes of anesthesia (cyclopropane intratracheally) before the 
operation Avas started. 

Autopsy (Abstract). — ISTo edema, petechiae, or jaundice; marked cyanosis. Body 
length 158 cm.; AA-eight, 110 pounds. The liA’er AA-as 11 cm. heloAv the xiphoid piroeess 
in the midline, but even Aiith the costal margins on the right and left. 

The heart Aveighed 490 Gm.; it shoAA'ed slight hypertrophy of the right ventricle 
and more marked hypertrophy of the left ventricle. The aortic, pulmonary, and 
tricuspid valves Avere normal. The mitral vah-e showed some old thickening and tivo 
recent vegetations on the medial leaflet. The coronary orifices were normal. The 
ductus arteriosus Avas patent and measured 12 mm. in e.xternal diameter; its smallest 
bore Avas about 3 mm. in the contracted specimen. Vegetations and several atheromata 
AA-ere present in the pulmonary artery. There Avas an infarct, 1 cm. in diameter, in the 
upper lobe of the left lung, and another, 3 cm. in diameter, in the left lower lobe. 
The spleen AA'as firm, deep red in section, and weighed 520 grams. The liver showed 
long-standing passive congestion, and weighed 1,720 grams. 

Diagnoses. — (1) Subacute bacterial endarteritis, (2) patency of the ductus ar- 
teriosus, (3) infarcts of lung, (4) ascites, (5) chronic passiA-e conge.stion of liver, 
(6) septic .splenitis, (7) uterine myomata, (8) left A-entricular hypertrophy, and 
(9) dilatation of left auricle and ventricle. 

Comment. — The correct diagnosis was not made by the original attending phy- 
sician. The physical condition of the patient at this time, some months after the 
onset of the infection, made her a poor operative risk. 

AX.-VLiTSIS OF 60 CASES IN ADULTS 

In an analysis of pathologic changes and cause of death it is not ,iusti- 
fiable to include our OAvn Case 1, so that we have in our scries a total of 
60 adults with typical, simple patency of the ductus. There Avere 14 men 
and 46 women; 76.7 per cent VA’ere AA'omen. Tiie prepondei’anee of e- 
niales tvitli patency of tlie ductus arteriosus is, if anything, more maike 
in adults than it is in series of all ages and of children previously sum- 
marized in the literature. For example, in Maude Abbott s* .seiies o 
97 cases in which the average age ivas 21.2 years at death, the fema cs 
comprised 63 per cent of the total. 

The average age at death of the 14 men in the i^resent series a\ as • 
years; that of the 46 Avomen AA'as 35.5 years. Tlie oldest man died at -m, 
and the oldest AA'oman, at 66 years. We can estimate the reduction m 
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length of life by eonipavison ivilli Ibc averiiiic life ox]) 0 ('l!niey oi liu* 
scneral popiilalion. Propevly, Ibis <‘<.ini>arisoii .should Ix' nuido for (su-b 
individual in lliis series, nsiiifr the life tables for the year nl death and 
for the conntry of resideneo. Such exact (‘oniparison i.s im]iossil)le. but a 
reasonable estimate can be made. Since the life expee.laney of adults 
is not greatly different in the United States, England, and the nortliern 
European conntrie.s in which the vest of the patients resided, ne can 
to the United States Uil'o Tables with no great error. Further, tlie lite 
expectancy of adults has shown a fairly constant, slow inereasti in thest! 
countries for many years. The. chronological mid-point ol the presiuil 
series is close to 1910; that is. roughly, half of the jmtients died previous 
to that time. Accordingly, it appears desirable to use the table.s for that 


year. 

By this means we can .say that the presence of ])alency of the ductus 
arteriosus in the persons in the present scries coincided with an average 
reduction in life expcetane.v of about 23 years in the men and 2S years 
in the women. Expressed in another way. we can say tlmt. these lieojih-, 
who were alive at the age of 17. had a life expectancy wliicli averag<‘d 
about half that of tlie population as a whole. The interpretation of lhe.se 
figures will he treated furtlicr in the IMscussion. 

The cau.se of death in llic.se ca.ses is shown in Table 1. Subacute bac- 
terial 'endarteritis accounted for more than 40 per cent, and congestive 
heart failure for nearly 30 ]>er cent. Tlie two deaths from rupture of 
anenr.vsms of the pulmonary artery (Nos. 2(i and 41) al.so must surely be 
ascribed to the condition of the duet ns. Kongldy, 4 out of h of liu'.se 
persons eventually siiceumbed to the offeets of imfeiicy of the duefus. 
This is the more striking wiien we note that the ma.iority of thp.sc pcr.son.s 
lived many years, during which tliey wore a])]mrently well ad.in.sted to 
the defect. 

T.MtI.K I 


Causk ok Death ix (iO Adui.t.s With Patency or the Dintu.s AaTEinoses 


NO. 

% 

j CAUSE 

NO. 


I'AU.SE 

25 

17 

2 

2 

1 

1 , 

*11.7 

2S.r, 

•J o 
«>.<> 

1.7 

1.7 i 

|.SuhiiiTito Irift. 

!irt. 

Cong, fuilurc 

jiulm. nnoury.‘;ii) 
Ccret)rovn.‘!(:ular 

Cii. of stoni.Tcti 
■Suicide 

2 

i 

*, 

.) 

i 

1 

i .'i 

•* •» 

t»..l 1 

i 

0 

•> 'V 

1.7 

1.7 

5 

Prol), sul)!icute Itnct. 

cndurl. 

TulK-rculosis 

Kupf. aortic. anciiry.';m 
Pnctiinonia 

A'cllmv alropliy 
Quo.'itionalde 


t IS generally stated that hypei-lrophy of the rigiit side of the heart 
s charactens tic of patency of the duelns nrlorio.su.s, and tliis i.s said 
to be the result of increased pre.<isure in the pnlmonarv arterv Table TT 
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Table H 

The Size of the Heart ix GO Adults With Si.mple Patency of the 

Ductus Arteriosus 


1 

ENT-iARGEMEXT 

fredoji. 

RIGHT 

pkedom. 

LEFT. 

BOTH 

SIDF.S 

Great 1 

11 

2 

4 

Moderate 1 

8 

4 

10 

Slight 1 

9 

2 

o 

o 


Ho enlargement 5 cases 

Hot stated 9 cases 


Dilatation of the pulmonary arterr- is, of course, frequently associated 
with patency of the ductus arteriosus. It is not uncommon, however, 
to find that such dilatation is not demonstrable roentgenologically. IVe 
believe that this dilatation is, in fact, nearly always present in adults, 
for it occurred in the majority of the patients in the present series. In 
ten eases, actual aneurysms of the pulmonary artery were present. 
There may he some argument as to the definition of “aneurysm”; cer- 
tainly many fusifonn dilatations of the pulmonary artery do not merit 
the term. "Wlien the dilatation is profound and well circumscribed, how- 
ever, with degenerative changes in the walls, such an appellation .seems 
justified. We have noted that spontaneous rupture of such aneurysms 
resulted in two deaths. 

The presence of atheroraata and calcareous plaques in the pulmonary 
aiTery has been noted many times before and was prominent in all of 
our cases (cf. Figs. 4, 8, 11). This is so frequent that it is the rule in 
adults. Exceptiorrs occur, however, notably the 65-year-old patient of 
White.®^ The fact that these atheromata and plaques occur with almost 
equal frequency in the aortas of these patients has not been .stre.ssed pre- 
viously. 

The length of the ductus is of interest in view of the present possi- 
bilities of ligation. In general, the ductus is .short in adult.s, and cases 
in which it is a centimeter or moi’e in length are rather rare (Appendix 
A, Nos. 24, 27. 40, 46, 52, 53). Cases are not uncommon in which the 
ductus is extremely short, or even reduced to a mere fistula-like opening 
between the aorta and pulmonary artery. In the present series, cases 
of this tvyie, representing very difficult or frankly inoperable condition.s. 
comprised 17 per cent of the total (10 out of 60 cases, cf. Appendix A 
ca.ses 2, 4, 10, IS, 19, 25, 33, 37, 48, 55). Lenz-'’ reported a ca.se of this 
tA-pe in an adult, with calcification of the point of junction of the aorta 
and pulmonary artem'; we have been unable to obtain the paper in vliic i 
this is reported, so that we have not included the ease in the pic.sent 
series. The frequency of this condition appears to be considciai} 
gi’eater in adults than in infants and children, although it may occui in 

very young infants (Lediberdert'). 

It would be of much interest to compare the size of the lumen of tne 
ductus with the severity of the cardiac disability and cause of deat i n 
these eases, but this is not possible because of the absence of qimnli 
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tative data on the l.ovo ol fto dnelna. Even if „oat,,„ovlcm "'oaanvemcnla 
were available, accurate comparison would be difficult because of Ibo f< 
that the size of the bore in the post-iiiorlem coiitracled specimeiyuay be 
quite different from what it was in life, when tlic vessel was distended 
with blood under arterial pressure. We mifiht expect that conjicstive 
failure would be more frequent when the communication is very larjie, 
])ut no real proof of this exists. 


Tlie diagnostic signs in the present scries clearly jiointod to patency 
of the ductus arteriosus in most of the cases, and, except in the earliei 
cases, the diagnosis was made correctly in the majority of instances. In 
several instances, however, the diagnosis could not be made because there 


was no murmur. Tiiis was true in the case of lluroziez” and in one ot 
our own cases (Case 1). Foulis-® found that the murmur in his case 
disappeared entirely twenty-six days before death, All of tlieso three iia- 
tients died of congestive failure. The hi.story in ]\Iolzfcldt’«'’' first, ca.se 
(Appendix A, No. 31) was incomplete, but. the diagnosis was not made, 
and it is explicitly stated that tbero was no mention of any murmur. 
In addition, in two instances only faint atypical murmurs wore lieard 
(Appendix A, Nos, 36, 39). 

Sternberg''^ stated tliat there is always a characteristic shape and form 
of the patent ductus arteriosus, in that the opening of the ductus into the 
aorta is funnel-shaped, and at the imlmonary orifice there is .some sign 
of a membrane or ridge. Jore.s^* agi'ced lliat tliis condition is very fre- 
quent, but also recognized .scvei*al other types; (1 ) lixtrenic .slioricning, 
(2) aneurysmal ductus, and (3) cylindrical ductus. In the present 
series we have already noted the extremely sliort dnet.us typo. Cases in 
which the aortic orifice of the ductus was considerably larger than the 
pulmonary orifice are frequent (Appendix A, Nos. 12, 17, 22, 23, 27, 29, 
30, 36, 37, 39, 46, 53). In at least one case, liowever, tlio ]nilmonary 
orifice was larger than llio aortic orifice (Appendix A, No. 24). Tlic 
membrane or ridge referred to by Sternberg lias been extensively dis- 
cussed since Strassmann’s" publication of liis theory of closure. In 
adults, at least, such a condition is occasionally seen (Wells;®" cf. Figs. 7 
and 10), hut does not appear to have any important significance; a fold 
of the wall may occur at both orifices, hut tends to occur at the aortic 
orifice because of the acute angle of imsertioii of llic ductus into (he aorta 
(cf. Eoeder"®). 


COMPLICATED AND ATYPICAL PATENCY OP THl'I DUCTUS 

Patency of the ductus arteriosus is peculiar among congenital dofec 
frequently oecuus without associated abnormalities. ] 
ilaude Abbott V senes of 1,000 ca.ses of congenital heart di.scaso at a 
ages, simple patency of tlic ductus occurred in .92 instances, and in 
instances, patency of llie ductus eompliealed other defects hlost of il 
latter patients died in intnney or at an early ago, and we <h 
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the relative proportion of simple patency to complicated conditioii.s is 
considerably greater in adults. 

We have collected data on ten adults, vrith post-mortem observations, 
in ■whom patency of the ductus was the mo.st prominent abnormality, 
but in whom the patency was not tv-pical or some other defect wa.s pres- 
ent. Thase are listed, with brief note.s. in Appendix B of thi.s papej-. 
This list could be easily enlarged by including cases of transposition of 
the great vessels, septal defects, pulmonaiy atresia, and so on, but tlie^e 
have been excluded in the belief that it is not a concern of this inquiry 
to examine situations in which patency of the ductus is secondary to 
other defects. 

It 35 of interest to note that, in this series, nine of ten of the patients 
were men. In four instances there was a,s.soeiated coarctation of the aoita 
(Appendix B. Xos. 1. 3, S. and 9). In three in.stanees the ductus ’.vas 
aneurysnial and filled with an organized or partly organized clot (Xos. 2. 
6. 10). The experience of Gi-aham-- is iUnminating. He tried to re- 
move a mediastinal tumor and discovered. po.st mortem, that the tumor 
was in reality an aneury.sm of the ductus arterio.su.s. Shortly aftenrard 
he encountered a similar case surgically, but was able to retreat before 
it was too late. 

The two cases reported by Wagener-'' are curiosities. In each in- 
stance the ductiLs was open to the pulmonaiy artery, hut the orifice of 
the latter was clo.sed by a firai membi'ane. This membrane wa.s pierced 
by a sinule pinhole in one patient and b.v two .such pinholes in the other. 
As one would expect, there was no cardiac disabilit.v in either case. 


DLSCU.S.SIOX 

The application of autopsy results to clinical prognostication is always 
dimeult because of the que.stion of selection of ca.se.s. This was recognized 
by Bullock, Jones, and DoUeyv’ who included many of the pi'csent cases 
in their discussion of cause of death in patency of the ductus arteriosu.^. 
Specifically, the chief po.ssihilities that the present series is not repre- 
sentative seem to be: (1) Remarkable and peculiar cases tend to he re- 
ported more frequently than typical eases. (2) Patency of the ductus 
may* be unrecognized and therefore unreported, when patients die oj 
non cardiac conditions. 

With regard to the fiist point, it will be agreed that remarkable cases 
are more frequently* reported. Patency or the ductus in the adult i.s 
and has been generally con.sidered a rather remarkable ahnoimality • 
regardless of the cause of death. It anything, we should expect thai 
authors would compete to report the oldest patients and thase cases in 
which a marked kesion was well tolerated. In other words, ve niignt 
believe that the- pixsent series would include the oldest patients, as 
as those case.s in whicii the cardiac lesion had no relation to dcatli. 1^ 
this were tnie, tlie analysis of the present scries would undc-rc^stiniaiC 
the disabling and lethal etiect of patency ox the ductus. 
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It is certain Unit many autopsies on persons witli patency ol 
fail to disclose the lesion liocause. of tlic iVe.iuent, use of the melliod o 
removing the heart in Avhich the. aorta and pulmonary artery are severed 
proximal to the dnetus. This error would tend to he more Iroquenl. ni 
cases oi noncardiac death, and hence thei-e would he a tendency to over- 
estimate the disabling and lethal effect of patency of the duct us. 

One important question may he. asked; Where arc the adult, living 
patients with patency of the ductus? In any large city it. is imssihlc to 
find a few cases of patency of the ductus, hut, in our exjieneneo, thc.so 
are almost always in children. Further, it .should he emphasized that, 
when we are dealing with adults, at. least, there is no reason why i)er.sons 
■with patency of the ductus who die in the second and third decades 
should he discovered more readily or reported more often than those 


who die later. 

Many of the patients in our own clinical series have been observed 
for years, and fully half of them for periods of four to eiglileen year.s. 
With the exception of the patient who died after operation, only one. 
of them exhibited any very marked change of status during all this 
time. (In Cases 3 and 4 in the series pre.scnted in this paper (he pa- 
tients were not seen prior to the beginning of the final illness.) In gen- 
eral, they live fairly normal livc.s, go to school, or earn a living. One 
patient, a man of 35 years, is a playground supervisor. Anotlicr patient, 
a woman of 19 years, wishes to study physical cducaliou in the Uni- 
versity. A third patient, a man of 28 yeans, has been ro.icetcd by the 
Army but works steadily at heaiy manual work and has remarkable 
muscular development. Among the adults, only one, a prostitute of 31 
years, shows signs of impending, .serious, cardiac cm1)urrn.ssmcnt. 


These facts could he taken as evidence that, most patients with patency 
of the ductus arteriosus need not have the ductus ligated. Oui' patient.s 
are still quite young, however, and the fact that they keep in excellent 
condition, even for a good many ycar.s, docs not mean that they have any 
security again.st eventual suhaeule liaeterial endarteritis or cardiac 
failure. It is striking in our own experience, and in the cases listed in 


Appendix A, that patients with patency of the ductus arteriosus do not, 
in general, have long and repeated periods of failure or great cardiac dis- 
ability liefore the final illness. Almost none of them are ‘'cardiac 
cripples.” It is the rule that they maintain good compensation until 
either subacute liacterial endarteritis or cardiac failure intervenes, Verv 
few survive once they develop failure; in t.liis respect,, these patients are 
m marked contrast to patients with mitral disease. Subacute bacterial 
endarteritis is just as fatal in cases of patency of the ductus arteriosus 
as m other types. Tliere is a record of one ease in whieli a patient, with 
a patent ductus developed subacute bacterial endarteritis and finally re 

covered completely after several years;-' the treatment in this case' was 
entirely symptomatic. ° 
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The diagnosis of patenej" of tlie duetns arteriosus can be made 
great certainty, as shown l)y the fact that we know of only two diagnostic 
errors among 134 patients wdio were operated upon. Wc should note 
that, in general, patients about whom there is any cpiestion of diagnosis 
will not he subjected to surgical exploration. Certainly we know, as was 
observed earlier in this paper, that anatomically typical patency of the 
ductus can exist with only an entirely atypical systolic murmur or oven 
with no murmur at all. Those conditions seem to occur most frequently 
in the final stages of failure and may represent onl.Y a terminal ab- 
normality of blood pressure relationships in the great vessels. 

Very rarely it may happen that a murmur and other signs typical 
of patency of the ductus arteriosus will exist for years and then dis- 
appear, leaving the patient apparently normal. We have had two eases 
of this type, and several others, not very well authenticated, have been 
recorded in the older literature. We are discussing these apparently 
spontaneous closures elsewhere, but here it is enough to indicate that the 
phenomenon may occur, but is certainly very rare, and probal3ly need not 
be considered in any practical analysis of the eventual outlook for 
patients with patency of the ductus. 


The natural history of patency of the ductus in the adult indicates 
a prognosis that is good to the extent that the patient may usually expect 
to live a considerable number of years with relatively slight disability. 
On the other hand, every patient is faced with the constant threat of 
subacute bacterial endarteritis. Moreover, we can at best do no better 
than saj’' that life will probably be short. As far as can be seen, there 
is no reason to place these patients on any particularly restricted regime ; 
patients who are voluntarily quite active seem to get along as well as llie 
patients who are constantly prevented from the slightest exertion. 

The present discussion can hai’dly close without some statement as to 


the desirability of ligation of the ductus. Elsewlicre we shall present an 
analysis of 134 oi^erations; the salient features are low mortality and 
a high percentage of Avhat seem to be complete cures. Such patients 
should be freed of the possibility of developing congestive failure. It i-s 
not yet certain that these patients are completely insured against sub- 
acute bacterial endarteritis. In adults, at least, it is probable that tlicie 
are some atheromata in the great vessels, and tliese might present focal 
points for infection. We cannot say whethei' these atheromata will 
eventually regress. In any event, the orifices of the ductus in the aorl<i 
and the pulmonaiy arter.y will represent crypts which might affoid 
lodging for infection. The remarkable success of Touroff, et al.,'*’’ and 
Bourne, Keele, and Tubbs^° with ligation in the liresencc of subacute 
bacterial endarteritis may be taken as an indication that it is unlikelj 
that patients with a ligated ductus will be likely to develop subacute 


bacterial endarteritis in the region of the ductus. 
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SUMMARY 


1. Brief Dotes are given on 57 adnlis, ivitli post-moilcni examinations, 
who had simple, typical patency of the ductus arteriosus. A lew data ai c 
presented on 10 adults with atyical patency of llic ductus art orio.su.s. 

2. Case reports are presented on four adult patient.s, with posl'inoi’lein 
examinations, who had simple patency of the ductus arteriosus. 

3. In simple patency of the ductus arteriosus the cause of doath^ was 
subacute bacterial endarteritis in over 40 per cent of the ca.ses; 2S per 
cent died of congestive failure. Death resulted from rupture of a pul- 
monary aneurysm in two cases (3.3 per cent). 

4. After the age of 17 years, patency of the ductus arteriosus was 
associated with an average reduction of life expectancy of about 25 
years j this is about half the life expcetancy of the general poiiulation. In 
the majority of cases the patient’s life is fairly normal while it lasts. 


5. Both right- and left-sided cardiac hy])crtrophy occurred in thc.se 
cases, but there was no enlargement in at least 10 per cent. Pulmonary 
aneurysms occurred in about 15 per cent. Alheromata and calcareous 
plaques occurred frequent!}', and the aorta was involved almost as often 


as the pulmonary artery. 

6. In these adults the ductus was usually .short, and, in some eases, was 
represented by a fistula-like communication between the aorta and ])u!- 
monary arteiy. Difficult or even inoperable conditions occurred in about 
17 per cent of the eases. The aortic orifice is usually larger than the juil- 
monary orifice. 

7. A correct diagnosis of patency of the ductus can gcnci-ally bo made 
without great difficulty, but in some eases the condition cannot be reeog- 
nizedbecause of the complete absence of any murjnur. 

8. Among adults with simple patency of the ductus arteriosus, women 
predominate, representing about three-fourths of the cases. In atypical 
patency, however, this sex ratio seems to be reversed. 

9. Prom analysis of the available data it is concluded that an attempt 
at ligation of the ductus is justifiable in spite of the absence of signs of 
decreasing adjustment to the defect. It must be expected that, in adults, 
difficult or impossible operative conditions will occur frcquentl.v. 
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Ai’rKxnix A 

SlMl’lX rATEKCV OF TUF. PlK’TliS IN’ APUI.TK 
These arc brief notes on 57 patients, reporle.l in the litem) nre. ivl«o snrvive.l to 
the ago of 17 years or more, and wore examined post mortem. In ea-b ease ti.c ennse 
of death is given at the right-hand .^idc of the fir.sl bno. 

3. CHBYERS lS-15 Adult woman Tuberenlosm (subaeutel) ^ 

Ductus— about half ns long as nsnni ligamontnm. tidmitled !i <‘.'ommnn di- 
rector* 

ysoff,, —small mass of vegetations at pulmonary orifice of ductus wliudi would 
act as valve preventing inflow to aorta from pnlinonary nTter\. 


2 BABINGTON 1S47 :!4-yr.-old woman Subacute bact. eiidart. 

Baetti.': — oxtremcly short (inoperable?). 

JTfort— great dilatation and hypertrojiby of both ventricles. 

CotnpUcaiions — slight aortic, stenosis and coarctation. 
yotes — rheumat ie history. 


IjUYS 1855 52-yr.-old woman Cougestivi' failure 

Ductxts — admitted little finger. 

Heart — right ventricle dilated and liypertropbie. 

Kotes — many calcified idatpies in pulmonary artery. 


4. ALJLAfj'RO 1802 2.'!-yr.-old man rongestivt" failure 

Ductus — walnut-sized dilatation of pulmonary ivrtery touched aorta :ind free 
communication e.visted between the lumens of the two vessels (inoperable). 
Heart — enormously enlarged, e.speeinlly right ventricle, wall of which was 2.5 
cm. thick. 

Notes — loft lung atro[ihie. 


5. BUROZfEZ lS(i2 -Itt-yr.-obl man t’ongc.-.tive failure 

Ductus — admitted a hirge pea. 

Heart — right auricle dilated, right ventricle gre.atly hypertrophied, stipht 
atrophy of left ventricle. 

Notes — 110 murmurs heard in life. 


G. SCHNITZLER 


ISGl 


•I.'!-yr.-old woman Uongestive failuie 
erysipelas 


» i f il 


Ductus — diani. 5 mm. at pulmonary end, 0 mm. at tiorta. 
iTcart— hypertrophy right ventricle. 

Notes many bony plaques in both aorta .'ind pulmonary urterv. 

7. lAGGE IS";; .lu-yr.-old woman Gongestive .failure 

Ductus — -short, widelv patent, 

Jfcart— extreme dilatation right auricle, great enlargement trieus[iid orifice, 
plmonary orifice, and imlimmary artery. Both ventricles dilated and 
hypertropliic. 

8, BUCHWALD 3878 21-yr.-old woman .Subacute bact. endart. 

Ductus — easily admitted thick catheter. 

Ecarl—ught side of heart almost normal, right vontric.ular wall thickness 

r Sr T-'"’’ '-"’'"■b''-''), ventricular wall 37 mm 

Compbcations— aneurysm (si/.e of hen’.s egg) of jnthnonary artery. 

22-yr.-old woman Siibaeutc bact, eiidart 
““aorta oud at 
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Heart— greatly enlarged, both ventricles hypertrophic, right auricle dilated. 
Extensive vegetations. 

Complications — saccular aneurysm (size of large walnut) of pulmonary artery 
within pericardium. 

Notes — ^murmurs disappeared almost entirely twenty-six days before death. 

10. DAEIER 1885 ol-yr.-old woman Congestive failure 

Ductus — round opening between aorta and pulmonary artery which were in 
apposition at the normal site of the ductus. (Inoperable.) 

Heart — greatly enlarged, apex formed by both ventricles. 

Notes — six or seven attacks of polyarticular rheumatism, but all v.alves normal. 
Fairly normal life until shortly before death. 

11. W. H. WHITE 1885 53-yr.-old man Sudden death 

Ductus — size of anterior tibial artery. 

Heart — small, apparently entirely' normal. 

Complications — angina pectoris, with exacerbations and cyano.sis. 

Notes — died in attack of angina after one hour. 

12. MUEEAY 1888 36-y'r.-old woman Subacute bact. endart. 

Ductus — funnel-shaped, large end at aorta. 

Heart — ^no right-sided cardiac hy'pertrophy'. 

Notes — calcification in wall of aortic side of ductus. 

13. RICKARDS 1889 17-yr.-old man Subacute bact. endart. 

Heart — 135 gm. ; left ventricle slightly' hypertrophic. 

Complications — mycotic aneury'sm of branch of right puhnonaiy' artery. 

14. WILLIAMS 1890 40-yr.-old woman Pulmonary tubcrculo.sis 

Notes — ^multiple aneurysms of pulmonary' artery' and its brandies. 

15. SACHS 1892 21-yr.-old woman Subacute bact. endart. 

Ductus — widely patent. 

Complications — aneurysmal dilatation of main pulmonary' artery, and ov.al 
aneury.sm (2.5 cm. diam.) of right lower branch. Direct continuation of 
latter obliterated. 

10. KIDD 1S93 22-yr.-old woman Subacute bact. endart. 

Ductus — opening to left pulmonary arteiy size of goose quill. 

Heart— 625 gm. Both sides hypertrophied and dilated, especially the left. 
Complications — small saccular aneury'sm of aorta close to ductus orifice. ^ Sac- 
cular aneury'sm, size of walnut, in lung, surrounded by' healthy’ tissue. 
Pew small tuberculous nodules, some softening to minute ca^itics, in 
lungs. 

17. JOSEFSON 1897 GC-yr.-old woman Sudden death 

Ductus — 4 mm. bore at pulmonary' orifice, C by 10 mm. at aorta. 

Heart — right ventricle hypertrophic; right auricle dilated. 

Notes — this appears to be the oldest patient on record. 

18. DEASCHE 1898 29-yr.-old woman Suicide 

Ductus — fistula-like hole, 3 mm. bore. (Inoperable.) 

Heart — small, flabby, tliin-walled. No anomalies. _ 

Notes-aWays well until vomited dark blood G months before suic.de. Oau.^c 
of this unexi.lained. Murmurs heard, but considered “accidental. 

19. GIB.SON 1900 31-yr.-old woman Pneumonia 

Ductus — extremely short, admitted 12-14 bougie. 
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patkxcy or noT-TUS aktkuiosus in Mun/is IKl 


Heart — ri^Ut ventricle dilnlcd nnd hyiiorlroptiie. , , r i .d 

20. lOtZYSZKOWSKl, .1. lO''^ 17-yr.-o1d wonmn Snl.Mcute l-nO. endnrt. (1) 

Difclti.'f—dimnoter of n pencil. 

Hcnrf-livportrophy of ripld ventricle, ndl.osive pericarditis at tlie 1-ase. 
Com;)Jicniio)i.'!— aneurysm of .superior and anterior wall of pulmonary nr eri 
stem, multiple anoury.sms of hrandic.s of pulmonary arteries. Marl:ed de- 
generation in ivnll.s of tlie.ee aneurysms. 
iVotM— all valves normal. 


21. lVEINT3ERGEn lOO:: .tT-yr.-old ndinan Coiige.-tive failure and 

jinoninoijKi 

Ducivi; — aneurysmal, tlirmnliotic, vegetations extending to wall of aorta and 
pulmonary artery to valve. 

Henri — pulmonary valve insutlle.ient. 

Complications — repeated rheumatic and cardiac attaeV.s for four vveeV.s 1 h'- 
fore pneumonia and failure. 


00 hart 190-t 2;!-yr.-old woman Buliaeute Icict. eudart. 

Ductus — funnel-shaped, large end at aorta, patent to a miildle-.ei/.ed sound. 
Hen rt— practically normal size, slight dilatation left ventridp. Emholic a)»- 
scossos in myocardium. 

I^otcs — author coa.eidored infcelion developed: anrtie valves to diietiis to [>ul- 
monary artery. 


2.-!. H.-VRT JOO-l 24-yr.-old woman feiihaeute had. emhirt. 

Ductus — funnd-.ehaped, large end at aorta, fre.sh emholiis at ]mlmonary end 
extending into pulmoiuiry artery. 

Heart — both vent rides moderately dilated. Emholic ahscesses in heart wall. 
Koics — author considered infeetion developed: norlic valves to ductus to 
pulmonary artery. 


24, LISSATjEK 190.a 24-yr.-old man Coiige.-tive failure 

Ductus — 15 mm. long, liore G mm. at pulmonary orifiee, -I mm. at aorl.a. ,\t 
both orifico.s, fnld.s of wall cut o/T nhoiit Imlf of lumen. 

Heart — moderate hypertrophy both ventricles, e.-ippeiaUv right. 

Compiicatioa.s— bicu.spid aortic v;ilve. Aneurysm (.size of hen's egg) of pul- 
monary artery. .Slight Iiypoplusia of norla. Marked emphysema both 
lungs. 


25. GARIPUl 1.007 2S-yr.-oId woman Congestive failure 

Ductus 10 mm. diam., e.xtreiuely short, pulmonary artery and aorta iirjicticallv 
in apposition. (Inoperable?) 

Coinpficatfon.s— Sudden on.sot of failure few moments after deliverv in .sec 
ond confinement. Died in twelve diiy.s. 

20. DUENO and BROIVN 190S :::t-yr.-old man Ruptured pulmonary 

anciirv.sin 

Ductus ^widely patent, walls atherormifoiis. 

Heart-very marked In-pertrophy of right ventricle. 

nn<>»n-8m of pulmonary artery ruptured into peri- 

jYoto.-ta-o weeks before death, attack of sevoro che.st pain with vomiting- 
death in sleep, witliout warning. " ' 

27. A\EL/1j(S lOO^i zi9 11 

Dnoius-io mm. long, 5 mm. bo; ;"pul~ry 
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Heart — 360 gm.; slight hypertrophy right ventricle. 

Notes- — cardiac symptoms unimportant in last illne.ss. 

“8- HOEDEB 1P09 42-yr.-old woman Subacute hact. cndarl. 

Heart — 510 gm. 

Notes — clinical diagnosis, mitral disease. ' ' “ . 

29. MEAD 1910 26-yr.-old woman Congestive failure 

Ductus — 4 mm. bore at pulmonary orifice, 10 mm. at aorta. 

Heart — 395 gm.; both ventricles moderately hj-pertrophic, three rupturc.s of 
right ventricle, two ounces fluid blood in pericardial sac. 

Complications — slight aortic and mitral stenosis, rheumatic history. Scoliosis. 
Complete paralysis left vocal cord. 

30. SOMMEES 1910 45-j'r.-old woman Subacute bact. endart. 

Ductus — cone shaped, size of hazelnut at aortic orifice. 

Heart — ^hypertrophy and dilatation of right ventricle. 

Notes — ulcerative endocarditis of aortic valves and vegetations covering wall 
of ductus and of pulmonary artery all way back to pulmonary valves. 

31. MOTZEELDT 1913 35-3'r.-old man Sudden death; cause un- 

certain 

Ductus — small caliber. 

Heart — both ventricles slightly hypertrophic. 

Notes — no mention of any murmur in previous medical historj'. 

32. MOTZFELDT 1913 55-yr.-old woman Congestive failure 

Heart — 700 gm. Hj’pertrophy and dilatation of right ventricle. 

33. MOTZFELDT 1913 32-yr.-old man Tuberculous pneumonia 

Ductus — 8 mm. diameter, extremely short, practically fistula between aorta 
and pulmonary arterj’. (Inoperable.) 

Heart — 590 gm. Both ventricles hypertrophic, especially right. 

Notes — cardiac sj^mptoms unimportant in last illness. 

34. HAMILTON and 1914 19-3T.-old woman Subacute bact. endart. 

ABBOTT 

DucUis — 7.5 mm. long, "admitting a peuliolder. ” 

Heart — slight hypertrophy and. marked dilatation right ventricle. All endo- 
cardial structures normal. 

Complications — mj’cotic aneurj’sm of pulraonarj- arterj-. Slight coarctation of 
aorta (6 cm. circumference at origin, 5 cm. at left subclavian, 4 cm. in 
descending portion). 

35. STODDAED 1915 17-jT.-old woman Subacute bact. endart. 

Ductus — 8 mm, Jong; bore, 5 mm. 

Heart — verj' slightlj* enlarged. 

3(). CATLOE 1918 JO-SO-jT.-old woman Euptured aortic aneury.=m 

Ductus— diameter 3.5 mm. at pulmonary artery; G mm.'at aorta. 

Heart — 485 gm.; wall thickness, left ventricle, 11 to 24 mm., right veninde, 
4 to 8 mm. 

CompZicotiuns— ruptured aortic aneurv-.sm, easily contained a whole fist. 

diagnosis of patent ductus made twenty-one years before death, while 
still in apparently fair health; the thrill and machinery murmur disap- 
peared, and were replaced only by poorly defined .systolic murmur m pn - 
monary area. 
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■nxmrTFR, 1919 3C-vr.-okl woman ConscsUvc failnrc 

funncl-shapocl, large cn.I at aorta, no actual vessel (loss .an 

0.5 ram. long). 

Eeart — much enlarged right ventricle; left norma . 

Complications— mihriry and nodal tuhcrculosis of lungs. 

Notes-ms patient observed eighteen years (when strong and ncll) until 
death. 

38 HUBENY 1920 57-yr.-old woman Ruptured aortic aneurysm 

Heart — marked left-sided cardiac hypertrophy and dilatation. 

CompHcflt.o.is— syphilitic aortic aneurysm observed, but not recognizet m 
roentgenogram before rupture. 

diagnosis of patent ductus made twenty years before death. Slmdow 
of aortic aneurysm seen shortly before death, but ascribed to patent ductus. 


39. WELLS 1922 50-yr.-old man Cerebrovascular accident 

Uactas— coneshaped, 10 mm. at aortic end, 5 mm. near pulmonary orifice, lat- 
ter closed to 1 or 2 mm. bore by fold of soft membrane protruding into 
pulmonary arterj’. 

Heart — 400 gm. ; both ventricles dilated. No anomalies. 

Notes— soft mitral murmur, not transmitted, only cardiac sign observed in 
few hours before death. 


40. BOLDEEO and 1924 29-yr.-old man Subacute bact. endart. 

BEDFORD 
Ductus — 15 mm. long. 

Heart — greatly enlarged; both ventricles hypertrophic. 

Complications — history of rheumatic fever. 

Notes — 2 small calcified areas in aortic wall near ductus. Blood pressure 
200/90 before onset of subacute bact. endarteritis. 


41. MOENCH 1924 29-yr.-old woman Ruptured pulmonary 

aneurysm 

Ductus — admitted indc.v finger. 

Heart — mitral valve thickened; pulmonary valve bicuspid. 

CoTnph’cattons— aneurysmal dilatation (3 inches in diameter) of pulmonarv 
artery, ruptured into pericardium. Lungs congested. 

N’otes— small plaques of atheromata in aorta. No previous symptoms except 
slight exertional dj'spnea. 


42. TEEPLAN 1924 35-yr.-old woman Subacute bact. endart 

Daotus— bore 2 mm. 

Heart hypertrophy and dilatation of left ventricle. 

43. HAMMERSCHLAG 1925 51-yr.-old woman Subacute bact. endart. 

Ductus—ir-ae mycotic aneurysm of ductus. 

Heart both ventricles hypertrophic. 

Notes histologic studies proved true aneurysm of ductus. 

^ 23-yr.-old woman Subacute bact. endart. 

mtcius—5 mm. long, ulcerative endarteritis at pulmonary orifice 
Neart-moderately enlarged, fatty degenerative changes in myocardium. 

45. von SCHULEZ 1928 

Ductus — admitted pencil. 

Heart-very marked hypertrophy and dilatation of right ventricle 
CompUcations-five months pregnant, surgical aborSon pined after ret • 
0 compensation, but she died before this was achieved. ' 


25-yr.-old woman Congestive failure 
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■K;. r. D. WHITE lf)2S G5-yr.-olcl ^voman Cerebrovascular accident 

Ducins 22.5 Jinn. long-, 4 jiiin. bore at piibnonnry artery. 10 niuu at aorta 
Heart— 430 gm.; both ventricles hypertrophic. Severe sclerosis of coronaries, 
also aortic and mitral valves, aorta, and papillary muscles of left ven- 
tricle. 

Notes— piilmonanj artery smooth and norjnal. First noted heart irouMc at 
age of 40 years. 


47. KASAlsOFF 1929 26-yr.-old woman Subacute bact. endart. 

Ductus — 5 mm. long; diameter, 5 mm. 

Heart — both ventricles hj-pertrophie; wall thickness: left, 23 nun., right, 10 
mm. 


48. PALLASSE and 1930 47-yr.-old man Congestive failure 

CHANALEILLES 

Ductus — ^practically fistula between aorta and pulmonary arterj-, 12 mm. diani. 

Organized clot almost obliterated free lumen. (Inoperable.) 

Heart — 700 Gm. Eight ventricle more hypertrophic than left. 

Complications — rheumatism at age 7. 

49. WEISS 1931 33-yr.-old woman Subacute bact. endart. 

Heart — 350 Gm. 

Notes — ^patient had five children, two miscarriages. I^hissermann 4+. Discliko 
calcified plaque at aortic orifice of ductus. 

50. FISCHEE and SCHUE 1932 30-yr.-old woman Subacute bact. endart. 

Ductus — easily patent to thick sound. 

Heart — left ventricle hypertrophic. 

Notes — questionable history of rheumatic fever few years earlier. 

51. PEEEY 1933 35-yr.-old woman Subacute bact. endart. 

Notes — first diagnosed patent ductus and pulmonary tuberculosis. 

52. d’AUNOY and 1934 32-yr.-old man Subacute bact. endart. 

von HAAM 
Ductus — 15 mm. long. 

Complications — aneurysm of pulmonary artery. Syphilis. 

53. BEODY and 1935 GG-yr.-old woman Congestive failure 

EANDELL 

Ductus — 14 mm. long, diameter 4 mm. at pulmonary artery, 9 mm. at aorta. 
Heart — both ventricles enlarged. 

Notes — congenital jiolycj'stic kidney, ureter absent. No symptoms except 
palpitation until age of G2 years. Died at age of 05 years, IIV 2 mouth.*-. 

54. HINES and WOOD 1935 IS-yr.-old woman Subacute bact. endart. 

Ductus — bore about 2-3 mm. 

Heart — great dilatation of both sides; not much hypertrophy. 

Notes — ^pulrnonarr- valve leaflets completely destroyed, pulraonar^ .irterj .md 
ductus almost filled with vegetations, other valves normal, two 
polj’poid vegetations on aortic .side of ductus. 

55. IMALLOEY 1938 21-yr.-old woman Subacute bact. endart. 

Ductus— aorta and pulmonary artery in apposition and cominunicating 

a small round hole at the usual site of the ductus arteriosus, (inop- 
erable.) 
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56. GKENET, LEVENT 1939 IT-yr-old Y'oman Subacute bact. cndart, 
and JOEY 

Ductus— 5 to 10 mm. long; small caliber.^ 

Eeart — both sides dilated and liypertroplne. 

Notes— no dilatation of pulmonary artery. 


BETTINGER 1911 40-yr.-old woman Congestive failure 

D,C„^S mm. long; 7.5 in ainmeto,. Wnll jigM n-ift 

Eeart— oxtremG hypertrophy right ventricle (wall thiclcness up to - .)• 

Co,npb-cation.-died of failure seven days after pelvic operation from which 

she failed to rally. 


Appexdix B 


ATYPICAL PATENCY OP THE DUCTUS IN ADULTS 

1. CHEVERS 1S45 Young man Pneumonia 

Ductus — about 4 mm. eommunicatioji between aorta and pulmonary artery, 
which were in apposition at usual site of ductus. (Inoperable.) 

Complications — considerable constriction of aorta above site of eonununiea- 
tion with pulmonary artery. 

2. HEBB 1S93 40-yr.-old man Pulmonary tuberculosis 

Ductus — aneurysmal (size of walnut) filled with firm laminated clot, 

Eeart — ^verrucose endocarditis of aortic valve. 

Complications — complete obliteration of left branch of pulmonary artery 
and marked stenosis of left branch at its origin. 

Notes — no cardiac anomaly su.spected during life. 

3. HOCHHAUS 1893 24-yr.-o]d man Subacute bact. endart. 

Ductus — diameter about G mm. in middle, 7 mm. at pulmonary end, 14 mm. 
at aortic end. 

Eeart — greatly dilated and hypertrophic. 

Complications — marked steno.sis of aortic arch .-just before orifice of the ductus. 

Notes — there was a prominent diastolic murmur as well as the usual prolonged 
systolic murmur. 


4. WA6ENER 1903 38-yr.-old woman Pneumonia 

Ductus — ^IC mm. long, 7 mm. bore except at pulmonary orifice, which was closed 
by membrane except for pinhole communication. 

Eeart — normal. 

Notes — no dilatation of pulmonary artery. 


5, WAGENER 1903 42-yr.-old man Postoperative peritonitis 

Ductus funnel-shaped pouch in aorta projected into pulmonary artery; this 

pouch was pierced by two very small holes. Considered patent ductus bv 
pathologist. 

ffcort— chronic endocarditis of aortic valves, slight stenosis of aortic and 
pulmonary valves. 

Notes — no murmurs in life. 


G. MOENCKEBERG 1924 So-yr.-old man Congestive failure? 

Daeias-aneurysmal (half size of apple), filled with clot, not patent through 
out. Ivo trace of ligamentum sivteriosum, 
ffearf—marked eccentric (right-sided) hypertiophy. 
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7. HALL 1926 32-yr.-old man Congestive failure 

Diictiis — ^bore, 3 mm. 

Eeart — greatly enlarged (860 gm.), chiefly left ventricle. Aortic ring dilatcil 
and insufficient. 

CompUcati<ms — ^liealed dissecting aneuiysm of aorta near valve. 

8. PAUL 1930 36-yr.-old man Erysipelas 

Ductus — ^patent to a thick sound. 

Heart — 770 gm., both sides equally enlarged. 

Complications — isthmus stenosis of aorta sharply confined to point opposite 
orifice of ductus. 

Notes — rheumatic fever at 28 years. 

9. ULEICH 1932 23-yr.-old man Sudden failure 

Ductus — formed principal source of blood supply to the de.scending aorta. 

Heart — 870 Gm., both sides greatlj' enlarged, but right more so than left; 
right ventricle wall thickness 10 to 20 mm., left 15 to 30 mm. 

Complications — aortic arch greatlj" constricted between left subclavian ami 
insertion of ductus, hypoplastic descending aorta. Cirrliosi.s of tlie liver 
(2,725 gm.). Bundle branch block. 

Notes — worked as farm laborer without trouble until development of ascites. 

10. GRAHAM 1940 31-yr.-o]d man Hem. at operation 

Ductus — aneurysmal, filled with partly organized clot, pulmonary end obliter- 
ated. 

Heart — moderate hypertrophy left ventricle, patent foramen ovale (probably 
functionally closed), right aortic arch. 

Notes — preoperative diagnosis was mediastinal tumor. 

(See discussion on page 205.) 



THE RESULTS OP SURGICAL TREATMENT OP PATENCY OF 
THE DUCTUS ARTERIOSUS COMPLICATED BY SUBACUTE 
BACTERIAL ENDARTERITIS 

Arthur S. W. Touroff, M.D.* 

New York, N, Y. 

INTRODUCTION 

T I-IE first surgical cure of siiliaeute bacterial endarteritis involving a 
patent ductus arteriosus was repoi’ted by Touroff and VeselP in 1940. 
Altliougli additional operative cures have been recorded since then by 
the author and others,-"® statistics concerning the general results of 
surgical treatment of infected patent ductus arteriosus are not as 
yet available. Accordingly, it may be of interest to report a series of 
eleven patients who have been opei*ated upon during the past two and 
one-half years. , 

When the first of these patients was subjected to operation (in Janu- 
ary, 1940), the only reference in the literature to the surgical treatment 
of patency of the ductus arteriosus complicated by subacute bacterial 
endarteritis was a report of a single unsuccessful attempt at ligation of 
the duct by Graybiel, Strieder, and Boyer® (1938). t Thus, in the absence 
of any knowledge of how the superimposed infection might respond to 
surgical therapy, operation was undertaken purely empirically. Much 
to our gratification, the patient not only survived, but also recovered 
promptly. Subseciuentl}", ten additional patients were operated upon; 
and it is the purpose of the present communication to set forth the results 
which were obtained and to discuss some of the factors which appear 
to influence the outcome of operation. At the outset, it may be stated 
that although not all of our patients were cured, the value of surgical 
therapy in properly selected cases was firmly established. 

FACTORS INFLUENCING THE OUTCOJIE OP OPER.\TION 

In a previous eoinmunication,® it was indicated that proper evaluation 
of surgical therapy necessitates an appreciation of the fact that the 
pathologic process in the ductus and adjoining structures maj^ vary con- 
siderably in severity and extent, and that the outcome of operation 
is influenced largely by such pathologic changes. Abbott^^ has pointed 
out that vegetations usually develop initially at the puhnonie end of the 
ductus and in the adjacent portions of the pulmonary artery, and that, 
at a later stage of infection, they may involve the cardiac valves or ex- 

From Tlie Jlount Sinai Hospital and Beth Israel Hospital, New York City. 

Presented at the Annual Meeting of the American Heart Association. Atlantic Citv 
June a, 1942. 

Received for publication June 19, 1942. 

*Now Lieutenant Colonel, Medical Corps. Army of the United States. 
tThe drst successful ligation of a patent ductus arteriosus (uncomplicated by in- 
fection) was reported by Gross and Hubbard’® in 1939. 


1S7 



188 


AMERICAN HEART -JOURXAL 


tend into the aorta. It has already been demonstrated that, if opera- 
tion is performed 'ivhile the vegetations remain confined to the pulmonic 
end of the ductus and the pulmonary artery, a cure may he anticipated 
fairly regularly.'^ On the other hand, if vegetations have already spread 
to the cardiac valves or into the aorta, operation fails to prevent the 
growth of these new vegetative lesions, and the latter continue to act as 
foci from which infective material is released into the peripheral circula- 
tion. 

The severity and extent of pathologic changes involving the ductus 
and adjacent tissue.s, in addition to influencing the late results of surgical 
treatment, also determine in large measui-e the actual hazards of the 
operation. In previous communications,^^- it was pointed out that the 
greatest of these dangers is accidental hemorrhage resulting from injun- 
of the ductus as the latter is being .separated from the adjacent tissues— 
chiefly the pulmonary ardery and left main hronehus — preliminary to 
ligation. In the earliest .stages of infection, the inflammatory process in- 
volves only the intima of the ductus. Subsequently, however, it may 
involve more and more of the thickness of the wall of the ductus. At 
a .still later .stage, the inflammation may extend to the adventitia and sur- 
rounding tissues: the ductus then usually becomes adherent, in varying 
degree, to the adjacent structures. As the wall of the ductus becomas 
extemsively diseased, it tends to become indurated and friable; and the 
local inflammatory proce.ss .sometimes may he so de.structive that mycotic 
anemysms^^ are formed Friability of the ductus (or aneurysm) and 
adherence to the surrounding .stnictures greatly increase the likelihood 
of inadvertent tearing of the ductus as the latter is being manipulated. 
The hemorrhage which results from .such an accident is often difficult to 
control and is not infrequently fatal. From all of the foregoing it is 
apparent that the earlier the operation is pevfoimed, the great ei- is the 
likelihood of cure and the le.ss ai-e the chances of operative hemorrhage. 
In this connection it is germane to discuss briefly the danger ot prolonged 
chemotherapy. 

It is now rather genei-ally agreed that if chemotherapy is to pi me 
curative in cases of .subacute bacterial endarteritis, evidence of infection 
will subside and blood cultures null become sterile fairly promptl^ . Ac- 
cordingly. if this does not occur Avithin two or three Aveebs, the likelihoo': 
of recovery becomes inerea.singly remote. In .spite of this oft-repeatcf^ 
dietxun. there is a general tendency to continue the administration or 
sulfonamide dimgs after the latter hare proved ineffccttiah Such a 
policy may be excusable in ca.ses of subacute bacterial endarteritis of 
the usnal type, because other forms of treatment are of little or no AaJue. 
In cases of subacute bacterial endarteritis involving a patent ductus-, 
ever, prolonged chemothei-apy may jeopardize the patient s clianees oi 
reeoA'ery by dela^Ung operation unduly. Judging from the general aci\ 
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of effectiveness of preoperative chemotherapy in the cases of the present 
series, and in other cases in which no operation was done, I am of the 
opinion that the interests of the patient are best served by proceeding 
with operation as soon as the diagnosis of superimposed infection 
has been established. Although this vie-wpoint may appear radical, it is 
based upon the following observations; .(1) the low incidence of re- 
covery Avith chemotherap 3 ' alone, (2) the variable outcome in cases in 
Avhich chemotherapy" is emploj^ed for long periods prior to operation, and 
(3) the high incidence of recovery after operation, Avhen the latter is per- 
formed before vegetations have spread to the cardiac valves or into the 
aorta. The effectiveness of surgical therapj" in the last group is demon- 
strated particularly" by" the fact tliat recovery ensues Avithout ehenio- 
therapy" after operation (Table II). To summarize, it may" be stated that 
the role of chemotherapy" should be that of an adjuvant, and not a sub- 
stitute for operation. 


PREOPERATIA"E DATA 


Of the eleven patients in this series, eight Avere Avomen. The patients 
ranged in age from 9 to 63 y"ears.'® FiA"e Avere in the third decade, tAvo 
in the fourth decade, and one each in the first, second, sixth, and seA"enth 
decades of life. It appeared significant that, in nine of the eleven pa- 
tients, infection occurred during or after the third decade. t 

In ten cases the duration of infection, from the time of onset of clinical 
manifestations to the time of operation, A"aried betAveen thirty"-one (+) 
days and five months. In the remaining case (Case 11), Avhich Avas al- 
together unique, infection had been present for tAvo years prior to opera- 
tion.!; Despite the fact that the majority" of the blood cultures had been 
positive since the onset of the illness, the patient remained in surpris- 
ingly good physical condition and exhibited fcAv of the stigmata of sub- 
acute bacterial endarteritis (endocarditis) of long duration. 

Five patients had spontaneous pulmonary embolism prior to operation 
(Cases 3, 6, 7, 10, and 11) . One of these also developed splenic infarction 
(Case 10). Another patient had renal infarction (Case 2). The pre- 
operative peripheral embolism in the last tAvo cases (Cases 2 and 10) AA"as 


*The wide variation in age (9 to S3 years) re-emphasizes a point made in previous 
communications, “ namely, that subacute bacterial endarteritis may occur at any 
age, and that it constitutes a perpetual threat to the patient with a patent ductus 
arteriosus. In this connection, it is to be stressed that the patient with a patent ductus 
arteriosus should be kept under observation throughout life, and a blood culture taken 
promptlj^ if fever of obscure origin appears. 

tThis is assumed to be caused by two factors. The lii'st is that foci of Sfrepfo- 
cocGHrS vi 7 'i(la 7 is infection (teeth, tonsils, etc.), which presumably constitute the original 
portal of entry are much more common in adults than in children. The second is 
that atheromatous plaques, which constitute the primary sites of development of 
vegetations, usually do not make their initial appearance until adult life, 

tTwo patients with the chronic form of subacute Streptococcus viridans infection 
were also operated upon. Both presented typical stigmata, including profound anemia, 
cafd-au-lait color repeated crops of petechiae, great splenic enlargement, amyloidosis, 
renal involvement, and clubbing ot the fingers. In one case, ^the diagnosis of infec- 
tion of a patent ductus arteriosus was confirmed at operation. In the other, the 
ductus was not open, and it was assumed that the congenital cardiac lesion was, in 
all probability, a septal defect. These two patients were placed in a special experi- 
mental group' in advance of operation bep.ause there seemed little likelihood that thev 
would recover completely even if operation were ciimcd out successfully. They will 
not be discussed here, but will be the subject of a separate report. 
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attributed to vegetative lesions upon the mitral and aortic valves; and 
the persistence of the latter lesions after operation accounted for the 
failure of these patients to recover from their infection. 

Evidence of cardiac failure was present in three cases (Cases 3, C, 
and 7) at the time of operation; and it appears significant that this oc- 
curred in the two oldest patients of the series (aged 51 and 63 years, 
respectively). Both of the latter were free of manifestations of circula- 
tory failure during childhood and early adult life. Tims, although com- 
pensation was adequate in the beginning, cardiac failure supervened as 
the myocardium began to undergo late degenerative clianges. In- 
cidentally, the fact that infection and cardiac failure first occurred so 
late in life constitutes a powerful argument in favor of propliylaclie 
operation during childhood. 

Ten patients received chemotherapy prior to operation (either before 
or after admission to the hospital) without significant effect; the remain- 
ing patient (Case 1) did not receive chemotherapy. At the time of 
operation, all patients presented clinical and laboratory evidence of 
active infection and all had positive blood cultures fSirepiocorcus 
viridans ) . 

In all cases, the characteristic “machinery” murmur of patent ductus 
arteriosus was present. Sevei'al of the patients had additional soft 
s,ystolie murmurs (at the apex or base) which Avere considered to be of 
little significance. In two cases (Cases 2 and 10), the presence of char- 
acteristic murmurs led to the additional preoperative diagnosis of second- 
ary, vegetative valvular involvement. It Avas assumed in adA’anco that 
operation AAUuld fail in these tAvo cases; but, in order to either e.stabli.sh 
or disprove this point, it was decided to proceed. 

Tabi.e I 


Results of Surgical Treatment in Eleven Cases 


A. Operative Survivals 

Cured 

9 

(i 

(See Table II.) 


Not Cured 

(a) Two patients with preoperative spread ol 
vegetations to the cardiac valves 

(b) One patient wdth preoperative e.xtcnsion of 
vegetations into the aorta 

t'j 

(See Table III.) 


B. Operative Deaths j. ■ 1 1 

Both caused by hemorrhage from injury to a triable, 
adherent ductus (prior to modification of oporatnc 
technique). 

(Sec Table III.) 



*TIie diagnosi.s in tlie.se two ensps was farther sub.stantiated h.\ the o<cuii 
peripheral embolism prior to operation. 
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THE RESULTS OF OPERATION 

Tl. operation eo-ieted rf 

'"too” fatalities occuri-ed early in the series" (Oases 3 and 4), before 
the present modification of operative tedunqiie ^vas dci eloped. P ^ 

mortem examination in Case 3 disclosed Ihal the 'j'f 
fined exclusively to the ductus and pulmonary arterj. At autops.l u 
Case 4, vegetations were found at the above sites ; and a few pin-poin . 
verrucae, the significance of ivhich ivas uncertain, were noted upon the 

puhnonie valve (Table I). , . • r. .• * 

Of the nine surviving patients, six recovered from their infection. 

In none of the latter oases was recovery attriini table to chemotherapy, t 
Furthermore, the rapidity ivitli ivliieh tlie blood enlturc.s became sterile 
was startling (see Table II). (This aspect of the first five ca.sc.s has al- 
ready been presented briefly.’’ ® A detailed report of the bactcrio- 
logic investigations in all eleven cases will be published in the .near- 
future.) 

Recovery in four of the six eases w'as entirely uneventful. In the re- 
maining tw'o cases, minor complications occurred. These consisted of two 
attaclcs of mild, left-sided pulmonary infarction in Case 1, and of a 
superficial ivound infection in Case 5. The longest posto])crative stay 
in the hospital wms thirtj^-four days (Case 5) ; tlie shortest was thirteen 
days (Cases 6 and 8). 

All six patients have liad repeatedly negative blood cultures, liave been 
free of clinical and laboratory evidences of infection, and are carrying on 
normal activities at the present time. The tw’o patients who had circula- 
tory failure prior to operation (Cases 6 and T) are entirely free of tliis 
complication. The folloiv-np i>eriod varies from three to tw’enty-nine 
months (see Table II). ^ 

Three of the nine surviving patients (Cases 2, 9, and 10) continued 
to have positive blood cultures after operation. Prior to operation, livo 
of them (Cases 2 and 10) had peripheral embolism, and presented apical 
and ba sal murmurs indicative of valvular involvement, in addition to 

niirntwl ligation of the ductus when a patent ductus arteriosus is com- 

pi catea by subacute bacterial endarteritis has been discussed elsewhere.” 



mumca'tion.''®''"’'''’ reported in detail in a .separate com- 
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evidences of a patent dnctns. The last patient (Case 9) ^ 

snch preoperativc phenomena, and it mas, Ihevefore, conclnded that t o 
continuing postoperative ])aetcremia mas not caused by valvular ^e Na- 
tions, but by vegetations mitbin the ductus on the aortic side ol the liga- 
ture This conclusion appeared to be substantiated by t ic owuiueiue, 
for the first time, of splenic infarction nine days after operation. 

The subsequent fate of these three patients is indicated in Table 111. 


DISCUSSIOX 


Prior to operation, seven of the nine surviving initicnts ]n-eseutcd no 
evidence of vegetative valvular lesions or peripheral embolism. (Red- 
centered pctechiae arc not cla.ssed as cnibolie lesions.) Oi those seven 
patients, six mere cured, and one continued to have active bacteremia, 
due to vegetations at the aortic end of the ductus. The remaining tmo ol 
the nine patients presented auscultatory evidence of valvular lesions and 
had peripheral embolism prior to operation. These patients continued 
to have bacteremia after operation. 

The foregoing analysis rc-emphasizes the fact that mhen vegetations 
remain confined to the pulmonic cud of the ductus and pulmonaiy artery, 
peripheral embolism is not likely to occur, and ojieration, if carried out 
successfully, is likely to be followed by recovery from the infection. On 
the other hand, mhen vegetations have .spi’ead to l))e eai-diae valve.s, 
mitral or aortic, perij)hei'al embolism occurs and cliaraclcristic murmurs 
are likely to be pre.sent prior to operation. In cases of the latter type, 
operation does not l)oncfit the patient. 

When vegetations arc pre.sont at the aortic end of the ductus, they 
may produce no imnsual murmurs and maj* not result in peripheral em- 
bolism prior to operation. In such cases, tlierefoi’c, it may be impossible 
to make the diagnosis. In tliis eonneclion, it should be pointed out that 
when vegetations actually extend into the aorta tliey may not produce 
new murmurs, but tlicy are often responsible for jjeriplieral embolism 
prior to, and after, operation. Jji snch cases, also, operation is not ad- 
visable. 


It appears that spread of vegetations to the pulmonic valve is difficult 
to recognize prior to operation. Thus, in Case 4, in which several 
verrncae mere present at tliat site, the patient presented no niiusual 
manifestations. Although valvular murmurs may have been present, 
they might easily have been obscured by the loud, roaring machinery 
murmur. Likewise, if emboli ivere being thrown off, they were probably 
tr^d in the lung, so that periplieral embolic manifestations were pre- 


flows from the aorta 

to the aortic end o£ the iluctus norSv are swSt vegetations 

S'!® flootus is ligated, liowever vegSutionJ whTrh "O “'onary circuit.'^ 

release theli emLli into the Proxim.-il .side 

initial occurrence of pcrinheral T*'’® apiionrs to ex- 

penpheral embolism had been the i-PoiTit operation m Case 9 if 
expect it to have o-.currSd^prorHo%Vtrmion^'?Sa°rafm^^ ^-oolfl 



196 


^niERICA^C HEART JOURXAL 


vented. THietlier or not a patient vatli right-sided, vegetative valnilnr 
lesions can be cured by operation still remains uncertain. 

Although the seeondaiy development of vegetations upon tlie cardinc 
valves is most likely to occur when the infection is prolonged, if appeals 
that the duration of infection is not the only factor. For e.xaniple, in 
Case 2, vegetations developed upon the aortic valve after only five veoks 
of illness: whereas, in Case 11, spread did not occur despite the fact that 
the infection had been present for two years. It is apparently significant 
that the clinical course in Case 2 was of the severely septic tj-pe, -wiiereas 
in Case 11 it was unusaially mOd. Thus, severity of infection appears 
to be an additional factor in detei-mining the rapidity of spread to the 
valves. This point was substantiated by a review of the remaining ca.ses 
of the series. Finally, the configuration of the ductus seems to play a 
role in determining the outcome of the operation. 

Abbott^^ has demonstrated that the ductus may vaiy in sliapo from 
a well-defined tubular structure to an -ailerio venous fistula in wliicli the 
ductus consists merely of an opening between the aorta and puhnonary 
artery. Tliis has Imen demonstrated at operation, also. Whereas vegeta- 
tions develop initially at the pulmonic end of a ductus of average length, 
those within a short ductus are likely to involve practically its entire 
length. Thus, when a .short ductus is ligated, it may be impossible to 
place the ligature beyond the vegetations at the aortic end, and so o.v- 
clude the vegetations from contact with the aortic blood current. A.s a 
result, any vegetations which remain on the proximal side of the liga- 
ture continue to launch infective material directly into the aorta, and 
the bacteremia persists. This was apparently the cause of failure in 
Case 9, in which the ductns was found at operation to be relatively short 
in pi’oportion to its diameter and joined to the aorta by a wide funnel- 
like mouth. 


IXDIC.ATIOX.S AXD COXTKAIXDICATIOXS TO OPERATIOX 

It has already been demonstrated that the mere piTsenee of additional 
cardiac munnurs is not a i-eliable indication of the e.xistence or location 
of new vegetative lesions. Thus, chief reliance must be placed upon the 
occurrence of peripheral embolism in decidiiig whether or not oi)ei<ilion 
should be perfoi-med. If peripheral embolic lesions are unqucstionahly 
present, operation appears to be contraindicated. On the other han , ii 
such embolic lesions have not occurred, the patient is entitled to opoia 
tion even if murmurs, .suggesting the presence of valvular lesions. 
^ilthough operation in doubtful cases may not always result in lecmei. 
from infection, it offers the patient his only remaining chance and, t loi 
fore, .should be undeifaken without hesitation. 

Aside from incontrovertible evidence of .spread of vegetations, as h 
dieated by the occurrence of pei-ipheral embolic lesions, the only .i 
contraindication to oireration is clear-cut evidence of the pic.-^ence 
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assodatcd, ,„a.ior ccgoniiai ,nKiiova»«iav ‘"v’';;;:;";’;;;;;;;;;'';;;;:,;;;;: 
Tintent ductus acts as a couiponsatmir Icsiou. 1 ndci lla latU) » 
Lices the current through the ductus thnvs from tl.o pu hunimry arU.,> 
into tlm aorta, and the resultant inadequate oxygenation o the 
duces cyanosis and cluhlnng o£ the fingers. Ing.itmn « t , , ' 

such cases usually leads rapidly to circulatory cmharrassiiumt aiui death 
In certain cases, patency of the ductus arteriosus may he as.n.-ml.d 
with some minor congenital cardiovascular anomaly. If thi* lueseiic'e oi 
an associated cardiovascular anomaly is suspec.tcd oi- has been demon- 
strated hv angiocardiography, but the patient is not eyaiiotie. it ma\ le 
concluded that the lesion in qiic-stion is of minor .signifieanee ami that it 
is safe to proceed with operation. In this eoinieetion, however, it must 
be remembered that vegetations arc prone to develop at sites of associated 
cardiac anomalies, regardless of whether the latter ari' major or minni. 
If vegetations already arc present at such sites, the course of events is 
likely to be as little influenced by ligation of llie duel as it is in eases in 
which vegetations liave spread to the cardiac valves or aorta. If vegeta- 
tions have not already become engrafted ii]mii tlie associated minor 
anomaly, liowever, ojicration may ])rove curative. 

There still seems to be some licsitalion, on llie part of ecrlain iiili i nists, 
to advise .surgical treatment of patency of the ductus arteriosi's when 
the ductus is the .seat of suiiaculc bacterial endarteritis. This may be 
due primarily to fear that the .surgical ])roccdnre is of such magiiitudi- 
that it may not ))o withstood by patients wlio are eilbei' very acutely ill 
or are debilitated by prolonged infection. The eases deserilied herein 
demonstrate that .sneli an atlilndc is no longer jusliflable; for. witli the 
exception of two patients who died of hemori'bage early in llie series, llie 
remainder withstood the operation without diflieulty. In (’asi; 0. for 
example, the patient, aged 51 ycar.s, suffered not only from infi'etimi. Imt 
also from cardiac failure and recent pulmonary irifarelion.' Case 7 
demonstrates, in a convincijig mannei-, that poor general pliy.sie.al condi- 
tion is not a contraindication to opei'ation. On the (•onlrary. i-apid 
Avomcning of the patient’s condition and the pros])ee1 of eai'ly fatality 
constitute poAverful argumenl.s in faA’or of jiromjp surgical intei-vention. 
Because of certain unusual featui-es, Ca.se 7 jqqiears wmlliy of bOei 


presentation. 


RKl’OKT OF CA.SE 


Htstory. J. Z. a native-tjorn wliifc girl, aged ]» ye!ir.«, was adiniUeil io tlie incdi- 
cal service of Beth Israel Ho.spital September 2-1, ID-)], .s],,, ,vas lounni u, have leui 

d been thin and underdeveloped, and she Biillcrcd from dv.spnca and fati-im „„ miia 
exertion. The remainder of the pa.st history Avas irreleva ’ 

About four montbs 
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sweats, irregular fever (ranging from 101“ to 105“ F.), cliills, pain in the left side 
of the chest, and dvspnea. At that time, four blood cultures were positive for 
Streptococcus viridans, and roentgenologic examination of the chest revealed evidence 
of patency of the ductus arteriosus and left-sided pulmonary infarction. The electro- 
cardiogram at first was negative, but one montli later revealed right axis deviation. 



Fic 1 — RocntgenosTam of chest four month.s prior to admission to tiic lio.=pita - 
Xote Enlargement of the heart, prominence of the region of the pulmonic conu.<=. ant 
pulmonar>' vascular congestion. 


The blood pressure on admission was 130/70, but later the diastolic pressure could 
not be obtained. Large doses of sulfathiazolc were administered throughout the 
hospital stay, but no significant effect was produced. At the end of five weeks she 
was discharged ndth the diagnosis of “Patent Ductus Arteriosus. Subacute Bacterial 
Endocarditis. 


•The author is indebted to Dr. Louis Greenstein, of Brooklyn, X. 
tion concerning the details of the patient’s illness prior to operation. 


Y., for infornia- 
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. • . -R^U, TsTiei Hospital, tl>c patient appoaTcti not 

Examination.-On admission to ‘ tmnperature was 103.2“ P., the pulse 

only very acutely, but also cbronicallj ilb T P ^ and 

rate, 114 , and the respiratory rate, 24. SUen.s i 

perspired profusely (Pi& 2) immediately out.sidc the 

The heart was slightly ^vas forceful and heaving. In 

midclavieular line in the *^«i to Uie’lcft of the sternal border, a sy.stobc 

the second intercostal spaM, 2 or 3 eni. 

rr,‘rS!i ... .««»«>•., « «„ »« m. 

sternal border, and laterally to the midclavieular line. 



Fig. 2. — Patient on admission to hospital. 


The blood pressure was 122/40-0, After resistive exercise of the leg (modified 
Bohn test), the blood pressure was 144/38-0. Examination of tlie lungs revealed 
medium-sized rales at the left base. The area of splenic dullness was increased. No 
petechiae were noted, and the remainder of the phj’sical c.xaniination failed to dis- 
close anything significant. 

Laboratory Data . — A teleoroentgenograni revealed marked enlargement of the 
left ventricle and pulmonary conns. A moderate sized area of infiltration, caused 
by pulmonary infarction, was noted adjacent to the left cardiac border. Moderate 
pulmonary vascular conge.stion was present (Fig. .3). ICymographic examination 
revealed marked pulsation of the pulmonary artery. The four lead electrocardiogram 
revealed .slight right axis deviation, a small, inverted T„ and a large, inverted T,. 
The phonocardiograni disclosed a continuous munnur, systolic and diastolic, of maxi- 
mum intensity over the .second intercostal space, 2 cm. beyond the left slcntal border. 
The circulation time was normal. The urine was normal. The blood contained 
3,590,000 erythrocytes per cubic millimeter, and the hemoglobin content was 55 per 
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cent. The leucocj’te count •was unaltered. The crj’throcj'te sedimentation rate was 
28 mm. in 45 minutes. The Wasserniann, Kline, and Kalin tests gave negative results. 
A blood culture, taken on the day of admission, revealed 70 colonics of Streptococcus 
viridans per cubic centimeter after 48 hours’ incubation. Becau.‘-e of tlic above 
observations, the admission diagnosis of patency of the ductus arterio.eus, with .super- 
imposed, subacute. Streptococcus viridans endarteritis, was confirmed. 



.t SI- t ■<'“ 

left cardiac border. 

It was decided to subject the patient to ' I'failutTo 

ing reasons: (1) the septic, progre.^sively hospital, 

respond to prolonged and intensive chemot lerapv 1’”°^ ‘ proorcssivc cardiac 

(.3) the increasing circulatory involvement, pulse pre- 

enlargement, the development of right axis < c\ia i , • ^ |^pn,e„t of pulmonary 

sure, (4) the per..isfently positive f eongenital cardiac 
infarction, and (0) the absence of evidence of other asmciatca 
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defects or active valvular lesions. Although the risk of operation appeared great it 
also seemed that continuation of conservative therapy ivould almost inevitably load o 
a fatal outcome in the near future. 

Operation.— On September 27, 1941, three days after admission, operation was 
performed (by A. S. W. T.) under cyclopropanc-oxygen-ethor anaesthesia by a tech- 
nique previously described.rs The essential operative fmding.s were as follows: (1) 
widespread adhesions of the left upper lobe of the lung to the pericardium, 
mediastinum, and interior of the thorax, anteriorly and laterally, (2) an area of 
pulmonary infarction, measuring roughly 3 by 3 inches, in the anterior axillary 
portion of the upper lobe, adjacent to the pericardium, (o) marked cardiac enlarge- 
ment, (4) a visible tremor and palpable thrill over the base of the heart and pul- 
monary artery, (5) a greatly dilated pulnionarj' artery (IVi inch in diameter), the 
tenseness of which approximated that of the aorta, (G) intense edema of the medi- 
astinal pleura (114 inch thick), and edematous, inflamed lymph nodes at the local 
site; and (7) an inflamed, indurated ductus arteriosus, approximately % inch long 
and % inch in diameter, which was markedly adherent to the surrounding structures, 
and especially to the upper end of the trunk and right branch of the pulmonary 
arterj’. 



J.Z. Case No. 7 


NO CHEMOTHERAPY ADMINISTERED POST-OPERATIVELY 


operafion. ^Chemothemov blood cultures before and iffor 

CK.„,lh,r.py .nSlaSS, 

pletel,-.- ?|,e Jm Z , , «««■ 
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A blood culture taken during operation, before tlie ductus was ligated, lator was 
reported to contain 120 colonies of Streptococcm viridans per c.c. after 18 hours of 
incubation. The fir.st postoperative blood culture was taken in the operating room 
eleven, minutes after actual division of the ductu.s, Tliis was an arterial specimen 
(taken from the radial arterj-)- ^Vfter forty-eight hours of incubation, it contained 
only one colony of Streptococcus lirutans per c.c. The second postoperative culture 
was taken thirty minutes later; it also contained one colony per c.c., after forty-eiglit 
hours of incubation. 

Postoperative Course . — The postoperative course was astonisliingly uneventful. 
The cardiac murmur disappeared at once, and the fever subsided progres.sivelv 
(Fig. 4). Concomitantly, the toxic appearance vanished, and a sense of well-being 
returned. After a transfusion, the hemoglobin content of the blood ro.?e from 55 
per cent to 70 per cent. The patient was permitted out of bed on the ninth post- 
operative day and regained strength rapidly. The blood pressure quickly Iwcaiiio 
stabilized at a level of approximately 130/90; and, during fJie postoperative hospital 
stay, the weight rose from S5 to 92^ pounds. 



In addition to the two blood cultures which were taken in the operating room after 
division of the ductus, cultures were taken on the .second, third, fourth, sixth, etgh i, 
tAvelftli^ and seventeentli postoperative day5. All rensained .sterile tlirouglJout 
teen davs of incubation, ^o chemotherapy was administered at any time. 

At the time of discharge, on tlie tn-enty-.rixth postoperative day, the patient was 
in excellent general physical condition, her circulators- statu.s was , 

clinical and laboratorv* evidence of .subacute Strcptococats xirxdans i ee ion > 
disappeared. Thirty-six weeks have elapsed since operation. During tus peno 
patient has remained entirely free of symptoms referable to infection an( circu a 
failure and has gained forty-six pounds in weight {Fig- o). .^ccor ng 
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parents, she is in better physical condition than at any time since birth. The heart 
has diminished considerably in size and the previous site of the pulmonary infarct is 
identifiable only by a small residual shadow (Pig. 6). 

Summary.— A schoolgirl, aged 18 years, had a patent ductus arteriosus com- 
plicated by mild circulatory insufficiencj*. Subsequently, subacute Streptococcus 
viridaus endarteritis developed. She was admitted to a hospital, where intensive 
chemotherapy for five weeks failed to result in improvement. While she was there, 
the circulatory involvement increased. 


S 30428 LEFI 





When first observed by the author, .she was acutely ill 
cachectrc. Left-sided pulmonary infarction was presen So 1 1 
many as 120 eolonies of Streptococcus viridans t>JcT ^ '=°"tamed as 

an unu.sually poor suraical risl- ^ ° appeared to be 

oli«i.nti.B Lenta ’ i" the hope of 
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The surgical procedure consisted of dhision and double ligation of the du^tu. 
artenosus. The blood cultures became sterile promptlv after operation, without flic 
use of chemotherapv. 

The postoperative course, which was remarkablv uneventful, was characterized In- 
rapid disappearance of all manifestations of infection and circulatory involvement. 
Thirtw-six weeks have elapsed since operation and the patient remaini entirely well! 

StBDIARr 

Subaeute Strcpfococcu^s viridans endai-teriti.? may involve a patent 
dnetiLs arteriosus at any age. 

Under conservative therapy, the disease lias proved to he almost in- 
vaiaably fatal 

In the early stages of infection, vegetations are likely to remain con- 
fined to the ductus and puhnonaiy artery. In the latter stages of in- 
fection, or even in the early .stages of severe infection, vegetations may 
spread to the cardiac valves or into the aorta. Aortic spread seems to 
occur chiefly in cases in u-hich the ductus is .short. 

Eleven patients who had patency of the ductu-s arteriosus complicated 
hy subacute Streptococcus viridans endarteritis were subjected to opera- 
tion consisting of ligation (9 cases) or dhision (2 eases) of the ductus. 
Nine patients survived the operation; two died of operative liemorrhage. 

Of the nine sunivors, six recovered from infection without benefit of 
chemotherapy. The remaining three patients did not recover from in- 
fection, despite chemotherapy. 

Of the .six patients who recovered, none presented evidence of pro- 
operative spread of vegetations to the cardiac valves or aorta. Tliey have 
been followed for periods of three to twenty-nine months; all are well 
and have had repeatedly negative blood cultures. 

Of the three patients who failed to recover from the infection, two 
presented evidence of vegetative valvular lesions prior to operation. The 
third was a.ssumed to have vegetations at the aortic end of the ductus. 
One died of subacute Strcptococcvs viridans endarteritis approximately 
eight montlis after operation. The other two are unimproved fourteen 
and sixteen weeks, respectively, after operation. 

Various aspects of infection of a patent ductus arteriosus wliich have 
a bearing upon the results of operative treatment are discu.ssed. 

A case to illustrate the safety of operating upon even very ill patients 
is presented. 

CONCLUSION.^ 

Ligation or division of the ductus, if performed before vegetations have 
spread to the cardiac valves or aorta, is an effective and safe method 
of treating subacute Streptococcus viridans endarteritis involving a 
patent ductus artei-iosus. 

In view of tlie fact that conservative therapy seldom proves curative, 
and that the rapidity of .spread of vegetations is unpredictable, opera- 
tion should be undertaken as soon as the diagnosis of superimpo.scd in- 
fection has been established. 
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addendum 

Since preparing this paper, another patient n-i1h an infedeO patejU 
ductus arteriosus lias been operated upon. In view ol the natuie o le 
infecting organism (Siaphiilococcm (inrc.ns) and the seventy ol tie 
clinical manifestations, tlic ea.sc was considered one of acute, ratlior than 
subacute, bacterial endarteritis. The total duration of infcidion prior 
to operation was eleven days. Ligation of. the ductus, followed by chemo- 
therapy and the administration of ^Mclcncy s liaetoriojiliago, ]>roved 
effective. Thus the series now consi.sts of twelve o])erative cases, among 
which there rvere seven recoveries, three lailurcs, and two ojierative. 
deaths. 
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DISCUSSION ON “patency OF THE DUCTU.S ARTKRIO.SUS IN ADULTS,” BY DR.S. 
ANCEL KEY.S AND AI. J. SHAPIRO, MINNEAPOLIS, JIINN., AND “tHIC RESUIAl'.S 
OF SURGICAL TREATAIENT OF PATENCY OF THE DUCTUS ARTJiRIOSUS COMPLI- 
CATED BY SUBACUTE BACTERIAL ENDARTERITIS,” BY DU. ARTHUR S. AV. 
TOUROFF, NEW YORK, N. Y, 

Db. Egbert L. Levy, Xeiv York.— The experiences which Dr. Touroff has xelutod 

Lrt dtte“"h; p'’ the surgical treatment of 

disease. At the Presbyterian Hospital in Xcw Yorlc, Dr. George Humphreys has 
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ligated a patent ductns in twelve patients and has kindly placed his data at mv dis- 
posal. There has been no operative mortality-. Five of the group showed bacterial 
invasion of the blood stream. It is to these five patients that I shall refer hrieflv 

Three of them are cured. The first patient was a child, 12 years old, with staphy- 
lococcus sepsis complicating previous ligation of the ductus, which had reopened. The 
second patient was also a 12-year-old eliild who developed Streptococcus virulam 
septicemia after measles, in both cases, adequate treatment with one of the sulfon- 
amide drugs was ineffectual. The third patient was a 30-year-old woman who had 
had a Streptococcus viridans infection for several months; the blood had been 
rendered sterile by chemotherapy shortly before operation. The fourth ease was that 
of a 42-year-old man with an associated septal defect. Ligation was done only last 
week, so that the result is still uncertain. The invading organism was a nonhemohtic 
streptococcus. 

The fifth patient died of Streptococcus ‘ciridans sepsis eight weeks after opera- 
tion. Multiple lesions were suspected before ligation was performed, both because of 
the physical signs and the occurrence of peripheral emboli. At autopsy, the ductu.s, 
which had been apparently patent at operation, was found to be obliterated, and 
neither at the pulmonic nor at the aortic end were there signs of infection. Large 
clusters of vegetations clung to a defect in the interventricular septum and others 
were present on the mitral, aortic, and pulmonic valves. There were infarcts in the 
spleen, kidneys, and lungs. 

In view of the poor prognosis and the small operative risk, it seems fair to con- 
clude that, in the presence of patency of the ductus arteriosus combined with bacterial 
sepsis, ligation should be carried out. This may be done even when a septal defect 
or a valvuIaT lesion is suspected, with the hope that the focus of infection lies in the 
ductus. Operation is sometimes curative when preliminary chemotherapy has failed 
to sterilize the blood. The occurrence of peripheral emboli, however, lessens the likeli- 
hood of a successful result. 

Dr. M. J. Shapiro, ilinneapolis. — Tliree years ago, before this Association, I pre- 
sented clinical observations in seventeen cases of patency of the ductus arteriosus. 
These patients had been followed over a period of years. Later we presented observa- 
tions in twenty-six cases. It was pointed out then that none of our patients had 
died and none had developed subacute bacterial endarteritis or congestive failure. 
Three of these patients were later referred for ligation of the ductns. The result in 
the first two cases was poor. In the first instance, the vessel which was tied 
was not the patent ductus, for no change occurred after ligatipn. The second patient 
died as result of rupture of the duct at operation. La the third case the operation 
was completely successful. 

As a result of this experience, considerable doubt arose as to the advisability of 
surgical treatment for the remainder of our patients. We, tlierefore, decided to delay 
further surgical interference until we could complete two additional studies. Tbe 
paper just presented by Dr. Keys on patency of the ductus arteriosus in the adult is 
one of the studies. The other concerns itself with tlie results of ligation in nil 
patients operated on np to the present time. We have analyzed the available data in 
all such cases. The results of tliis analysis are summarized in a slide which I should 
like to present at this time. Briefly, this slide shows that twenty-six surgeons have 
operated upon one hundred thirty-seven patients with patency of the ductns arteriosus. 
One hundred four of these patients had no infection, and thirty-three had subacute 
bacterial endarteritis. Of the one hundred four uncomplicated cases, the results were 
completely successful in seventy-eight. In fourteen instances, the continuous murmur 
persisted "after ligation. SLx patients died as a result of rupture of the dad s 
operation. Two patients developed subacute bacterial endarteritis after lign mm 
Death resulted in one case as a result of wound infection, and, m one case, no mg 
could be done because there was a direct arteriovenous communication. In t rec ju 
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s(unce. a vessel other then the duetus wns iiguled. A lotnl of 

e result of operation, whieU n.ahos the mortal.ty rate less than 0 ,>e, 01 

the tliirty-threo eases complicated by subacute baeter.al cndartor.t.s, opeint.on re- 
sulted in complete success in twenty; that is. the temperat,. re returned to norma , 
the murmur disappeared, and the patient re-nined normal health. Iliese 
have not been followed Ion- enough to be .sure ti.at tlicy a.e dehnitely cured, hive 
died as a result of rupture of the duct at operation, and, in eiRht instanoo.s, the 
fever persisted in .spite of .snccessful ligation. It is a remarkable fact that, in this 
entire series of one hundred thirty-seven patients, there were only two orror.s in 
diagnosis. It appears, therefore, that, in the hands of well-1 rained surgeons, ligation 
of the ductus arteriosus can be performed with loss than 10 jier rent mortality. 
This rate will certainly decrease as more exporicneo is gained. It seems likely, too, 
that most patients with patency of the dnelns arterio.sn.s eomjdiealed by snbaeiite 
bacterial endarteritis can be cured by surgical intorfereneo, e.'^peeinlly if tbe operation 
is done early. In spite of these very favorable re.sults, wo still feel Hint only those 
patients on whom a diagnosis of uncomplicated patency of the ductus arteriosus can 
be made should be operated upon, and then only after definite evidence of early 
cardiac enlargement or cardiac cmbarra.csnicnt is present. Our point of view may be- 
come less conservative after a number of years of follow-up study of the patients who 
have been operated upon. 

I should like to take this opportunity to disagree with Dr, Levy with regard to 
operating upon patients with patency of the ductus .arteriosus eomplieafed by other 
congenital heart Ic.sions. I do not believe that surgical treatment should be attempted 
in any case in which there is the slightest doubt about the diagnosis, t'imple, nil- 
complicated patency of the ductus artcriosu.c, as an isolated lesion, can be diagnosed 
correctly, and, in my opinion, in only those cases .‘•lionld the dnchi.s be ligiited. Xo 
patient with cyano.sis or with an electrocardiogram wliich .shows right axis deviation 
should be operated upon. There is good evidence that isolated pnfeiiey of the 
ductus arteriosus is not a congenital cardiac lesion at all. It is not a developmental 
defect in the .«ame .sense that all otlior congenital heart lesions are. It is to be noted 
that all of us are born with a patent ductus arteriosus. 

Dn. Pal'i, D. AViiite, Boston. — Some of you will have known of Dr. IJimriio’s paper, 
publi.-ilied in Lancet, October, Ifi-ll, concerning recovery in two eases after ligation 
and chemotherapy of bacterial invasion of a patent ductus arteriosus. Yon will be 
interested in the latest word flint came from him, a few days ago^ saying that lie now 
has five recovered patients out of six treated by Ihi.e procedure — combination of liga- 
tion and ehemotherapy—and that tlic seventh is about to bo operated upon. 

I would like also to add a conservative note about Die ineidonce of baeforinl 
endarteritis in putenoy of tlie ductus arferio.siis. It is really a thought of .Tohn 
Hubbard, a colleague of mine in Boston, who has boon associated with Dr. Gro.ss 
during and since the period of the early ductus operations. He believes, and I am 
m agreement with him in this rosyiect, that we do not yet have ncenratc statistics 
i^out the incidence of subacute eiidartei itis in pnfoncy of the ductus arteriosus. 
He thinks that the statistics are weighted now by the fact that the jiaticnfs who 
have the infection attract more attention, .are more likely to bo in ho.spitals and are 
more likely to have autopsies performed on them. Wo still need fuller and n.orc ac- 

prtenVof tirduefu^arterfosu? complicating 

Wo^ha York-I think what Dr. White has said is vorv important 

In a paper that is now in press, we have attempted to obtain such data Ova, 
perio of twenty-five years we have observed about 132 children who linrl" 
ge..u.l 01 ttaa, .12 h, tavc a rUntTJZ'. 
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Upon analyzing the Hfe expectancy, xve found that the risk of dying in any year 
in the first three decades was about 1 chance in 200. Comparing that with the'last 
mortality risk from ligation quoted by Gross as 1 chance in 30, at- the moment I 
would hesitate in advising operation on a well child. 

3But we must have more statistics. It must be recognized that the present er- 
roneous impression of the risk of subacute bacterial endarteritis in patients witli 
patency of the ductus is based entirely on reported deaths. The living persons witli 
patency of the ductus are not included in those rates. 

Dr. B. S. Oppeniieimer, Uew York. — A few j'ears ago I think most physicians 
were not very enthusiastic about surgical treatment of heart disease, but since then 
there are two conditions in which operation seems to be indicated. One is chronic 
constrictive pericarditis, to which Dr. 'Wdiite lias contributed so notably, and the 
second is patency of the ductus arteriosus, especially when the patient has bac- 
terial endarteritis and positive blood cultures. 

Through the courtesy of Dr. Tourolf, I saw five of the seven patients whom ho 
reported, and two points struck me particularly. The first was that one of the pa- 
tients, after successful ligation, had a machinery murmur which was very loud and 
perfectly evident to everybody’. The second point was the rapidity with which the 
blood was cleared of the Streptococcus viridans. That was very striking. 

We have had discussions about these points, and, the last time I asked Dr. TourotT 
about the latter, he tliought that the lungs filtered out the Streptococcus viridans 
and this cleared the blood rapidlj’. In one case the bacteria disappeared from the 
peripheral blood stream a few minutes after ligation. 

I should like to ask him how he explains tlie persistence of the machinery murmur 
and the very rapid disappearance of the bacteria from the blood. 

In considering the statistics of recovery from Streptococcus viridans infections of 
the heart or arteries, one should remember that the prognosis of such infections is 
better when the infection is superimposed upon a congenital anomaly than wlien it 
involves an acquired lesion. 

Dk. Emakcel LiBJtAN, Uew York. — As you realize, it is a notable result that has 
been achieved by Dr. Touroff. 

The whole development of this subject is very interesting. First, great credit 
is due to Dr. Maude Abbott. Few realize how gi-eat her contribution has been. Slie 
will become a gi’eater and greater figure as time goes on. When 1 was first ques- 
tioned by Dr. TourotT, I applied to Dr. Abbott for certain data. Some had an idea 
that Dr. Abbott's search for statistical data would be without real value. Actually, 
when I wrote for information on certain essential points, she, promptly sent all the 
statistical data that were very much needed. It almost looked as if she had made 
her studies with tliis operative procedure in mind. 

We must give credit to Dr. Robert Gross, who devised the original operative pro- 
cedure and performed it successfully in cases in which no infection had occurred 
by way of the ductus. 

Then comes the work of Dr. Tourofit, who had great enterprise and ingenuity. It 
was very courageous to attempt to carry out ligation of the ductus in the presence 
of infection. This was particularly true because in two patients without infection, 
on whom ligation was done by others, infection of the ductus and pulmonary artery 
resulted. 

Helpful in the advancement of the work have been the diotrast studies which were 
first made by Robb and Steinberg (I.), and later by Sussman, Steinberg (M. F.), and 
Grishman. Such studies are absolutely essential in some cases. We have reason to 
believe that, in the presence of certain congenital cardiac defects, ligation of 1 ic 
ductus may be harmful to the circulation. 
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My own calcuMions would scorn to indicate that an open ductus is even more fre- 
quently present than Dr. Touroff lias indicated. 

When I encouraged Dr. TourofT to proceed with his operative stiulics, 1 did not 
do so for empirical reasons. Subacute l.aeterial luilmonary arteritis de)iends for 
its development on the infective agent, tension, irregularities of the wall tliat may 
be present as a result of tension and. i.erhaps. thrombi on such irregularities, and 
tho presence of oxygenated blood. \Yc hnow how little teiidemw thine is for Ilie 
valves on the right side of the heart to beeome the .leal of .snliacnte baeteria! mido- 
carditis. It is believed that tbi.s is beeause of tbe presence of venons blood mid 
lower pressure. M’bon tbe ductus is ligated or resected, the bigli pressure is reduced, 
and tbe supply of artorial blood is stopped. 

The blood cultures become negative, I believe, because of tbo great dimimilion 
in the force of tbe current on tlio vegetations. Tl must be remeiiibered lliat. with any 
source of a bacteremia, even if the focus is radically removed, a few stiay bui-ieiia 
may remain in the blood for a few days, d lien one is likely to find them oiilv in 


cultures made in fluid media. 

Dr. Oppenheimer brought up tbe questiou as to tbe meebauism of ibe murmur in 
these cases of patcnc.v of the ductus. After Dr, TourofT had ligated ami sectioned 
the ductus in the first case, a continuous murmur was still heard, although lej-s marked. 
^Yhen ho pressed on the pnlmonarv artery, the murmur disappeared. ^Ye must sus- 
pcct that the continuous murmur is caused b.v tbe passage of blood at liigti pres- 
sure to a dilated pulmonary artery, without tense walls. 


Dn. J, W. ^Y^,CE, Columbus. — have never seen or heard of a ease sneh .'m 1 
want to show you. 

This slide sliow.s a team after they had won a chamjiionship. ('ne of tboso boy,-, 
liad patency of tiic ductus arteriosus, lie played for two ycais with cbroiiicnlly 
infected tonsils and a patent ductus arteriosus. \Ylieu be came in on n inaHer of 
consultation tlio third year, it was decided that he should liave Ids loii'-ils roninved, 
wait six weeks, and after tliat try- half-time work and .‘-lop even modified play in 
ca.oc suggestive s.vmptoms were noted. 

I am postulating tliat tho duetiis ."^hown in (lie .-‘lido is a jireily large and Jong 
one. It is a '‘.silent” one, but wlien one investigates it in the left oblique poiitinti. 
a pulsating connection between the aorta and pulmonary artery is seen. It is pos. 
slble that the increase in stroke volume that eoines with sports was the i-aiise of 
that dilatation of the patent ductus arteriosus. 


Dk. Sajiueo E. Levixk, Bo.ston. — As I .sec it, there are two ther.'qieiitic prob- 
lems that we are working witli: ligation for suliaeute baelerial endarteritis involving 
a patent ductus, and ligation of a noninfccted ductus. 

There cannot be very muck argument about the iir.st. \Ye know about the mor- 
tality rate of subacute bacterial cndurtcritis involving a ]»a1ent ductus. It is ox- 
tromoly high, and the operative risk is becoming less and less. In Boston, ]tr. Gross 
had no deaths in the last thirty cases; other surgeons will do likewise with a little 
experience and care, perhaps not so mucli experience, as anatomic knowledge. It is 
imperative, liowever, tliat we make the diagnosis early. tYe can almost guarantee 
a cure if the diagnosis is correct and made c.arly, and if wc do not wail tlirei' months 
for chemotherapy to be tried. So I don’t see tlmt ihere ran be any question about 
the value of the operation in subacute bacterial endarteritis. 

The other question is entirely an open one. It is important to remember what 
^ve heard this morning, namely, that the average ago at death in fifty or .sj.viv oa.ses 
of uncomplicated patency of the ductus was only flu years. Those tmtient’s were 
over 17 years old when first seen; people who arc well at 17 vear.s are expected to 
hve to 60 or 70 years. This group lived only to So years, and I do not know that we 
can make any prediction at the ago of IS or 20 years a.s to which one person is mnn-^ 
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to develop subacute eudarteritis. Tlierefore, ive must try to fitid out whether the 
operation prevents subacute bacterial endarteritis. If so, tlie mortality risk of 
surgical treatment is a great deal better than letting the person live his life e.vpec- 
iancy, which averages 35 years. The question we have to keep in mind is: ^Yjil the 
operation prevent subacute bacterial endarteritis? It certainly wall prevent sub- 
sequent heart failure if that is the only lesion. 

Dr. Arthur S. W. Tooropf, New York. — ^I am happy to hear from Dr. Levy ami 
Dr. White that the work which I have presented has already been confirmed by'other 
investigators. 

In answer to Dr. YHiite and Dr. Wilson, I would like to emphasize that my 
presentation deals only with the treatment of patency of the ductus arteriosus which 
is already complicated by subacute bacterial endarteritis. Under the circumst.nncc.c, 
the actual incidence of subacute bacterial endarteritis as a complication of patency 
of the ductus does not concern us here, for the reason that we are not discussing 
tlie value of operation as a prophylactic procedure in the prevention of infection. 
To the patient who lias already developed subacute bacterial endarteritis, the in- 
cidence of this complication is 100 per cent. Thus, we are not operating to prevent 
infection, but are treating patients wlio already have infection. 

By way of discussion of Dr. Wilson’s statements, if a group of normal children 
have a certain life expectancy, it seems logical to assume that those with a patent 
ductus who are threatened by cardiac failure and subacute bacterial endarteritis 
have a shorter expectancy of life. In this connection I would again like to point 
out that cardiac failure may develop late in life, and that subacute bacterial endar- 
teritis occurs more commonly in adults than in children, Tims if we u.«e tlie age 
criterion of Drs. Keys and Shapiro, we find that infection occurred during child- 
hood in only one of our eleven cases. 

In answer to Dr. Oppenheimer, it is to be emphasized that a continuous ma- 
chinery murmur persisted after operation only in the first case. Since the ductus 
was dirided completely, recanalization could not have occurred. Wlien the case was 
reported originally, I drew attention to tlie fact that, during operation, the murmur 
became less intense, but did not disappear until the pulmonary artery was tempo- 
rarily compressed. This seemed to indicate that the murmur was generated within 
the latter vessel. Several of the other patients had residual, soft, systolic murmurs 
which ate gradually becoming less intense. 

Time does not permit discussion of the mechanism of recovery, but I believe that 
operation is effectual chiefly hecausc it corrects certain abnormal mechanical factors. 
This subject will be presented in a separate paper. 

In conclusion, I urge tliat operation be performed promptly upon all palicnts who 
liave developed infection. 

Du. Axceu Keys, Minncapoli.s. — In connection witli the recurrence or persistence 
of a murmur in some cases after ligation, I should like to point out that we have 
evidence tliat there may be an open ductus with no murmur, but there is no proof 
that we may have a murmur witli the ductus closed. Duroziez, in 1802, reported a 
case of patency of the ductus arteriosus (diagnosis substantiated at autopsy), m 
which there was no murmur of any kind, and we have recently had a similar case, 
likewise with autopsy. In both of these instances tlie pulmonary artery was en- 
larged, so that we should have expected murmurs if the murmur of a patent ductus 
is primarily a result of pulmonary enlargement. Further, we know that, in at least 
one instance in which a murmur recurred after ligation, tlicrc had heeii, in fuel, n 
establishment of communication between the aorta and pulmonary artery. Unless 
some really valid evidence to the contrary is presented, I believe wc must assume 
that persistence or recurrence of the murmur after attempted ligation indicates per 
sistcnce or recurrence of the aorta-pulmonary artery communication. 
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T here is m-gent need for an accurate quantitative definition of acute 
congestive heart muscle failure in physiologic terms. Snch a defi- 
nition should contain magnitudes whieh are not only capable of measure- 
ment in animal experiments, but which may be fairly accurately as- 
certained in measurements on patients with heart failure before and 
after treatment. In this paper we shall prove through animal experi- 
ments that decreased mechanical efficiency* is the basic factor in acute 
congestive heart failure. Papers in which this vieu'point will be estab- 
lished by investigations alreadj’" carried out on man will appear shoi’tljE 
In 1912, Knowlton and Starling^ devised the heart-lung prepara- 
tion, and, in making use of this preparation, thej’' showed that the ability 
of the mammalian heart to do work is a function of the diastolic length 
of the heart muscle fibers, or diastolic volume. In other words, if the 
heart is to do more work per beat either by increasing the stroke output 
or the mean blood pressure or both, it must dilate. In his Linaere Lec- 
ture on the law of the heart. Starling® stated that the failing heart pro- 
duces less external Avork at a constant diastolic volume. Here we already 
have an accurate definition of heart mu.sele failure. This definition could 
be improved onlj'' if Ave knoAV the relationship of diastolic volume to total 
energj’- release per beat.f 

Shortly after Starling devised his heart-lung preparation, Socin,® in 
1915, AAurking in the physiologic laboratory of Magnus, in Utrecht, and 
Bijlsma and Roessingh,^ in 1922, carried out experimental investiga- 
tions of acute cardiac Aveakness as i?roduced by chloroform and eiiloral 
hydrate on the heart in a heart-lung preparation. They shoAved that 
chloroform and chloral hydrate produced dilatation of tlie heart, a 
decrease in cardiac output, and a decrease in average blood pi’cssure, 
thus confirming Starling’s statement that a failing heart does less Avork 
at a given diastolic volume. Starling tended to minimize the factor of 
increase in venous pressure AAhen tlie heart dilates because of liis con- 
Auction that it Avas the diastolic length of the heart muscle fibers that 
determ ined the Avork of the heart. On the other hand, CA^ery cardiologist 
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IS aware that the cardinal symptoms of heart failure, namely, dyspnea 
and dependent edema, are largely the result of a rise in venous i)iTssure. 
On repeating these experiments, making use of cldoroform and eliloral 
hydrate to produce a hypodynamie heart muscle in heart-lung ]>repara- 
tions, one of us (G. F.) noted that the venous pressure always rises at 
the same time that the heart dilates, and that the mean blood pressure 
could be held constant.^' There is usually some decrease in cardiac 
output, also, but this may be very slight with moderate degrees of poison- 
ing. In our teaching wm then made dilatation and rise iii venous pres- 
sure the criteria of heart failure. 

Starling and Visseher® showed that the oxygen consumption of the 
heart increased -when the diastolic volume or length of tlie muscle fibers 
increased. Decherd and VisseJieF^ found that the work of the turtle 
heart decreased during spontaiieous failure wlien the diastolic volume, 
and, therefore, the oxygen consumption, wmre held constant. Peters and 
Visscher® showed that the ratio of the work performed by the spon- 
taneously failing heart to the oxygen consumptioJi of that lieart in- 
creased when ouabain and seillaren'^ were added to the blood circulating 
in the heart-lung preparation. A little later, Yisscher and j\ioe‘ proved 
that a digitalis glycoside, digilanid C (eedilanid), also increases the 
mechanical efficiency of the spontaneously failing heart, Tlie experiments 
of Starling, Yisscher, Peters, and Moe make it aijpear that a decrease in 
mechanical efficiency is the most likely cause of acute heart failure. 

A seai’ch through the literature unearthed only one paper (with the 
exception of the papers from Yisseher’s laboratory, quoted above) in 
which an attempt was made to measure the diastolic size of the heart, 
the venous prassure, and the mechanical efficiency of the heart during 
spontaneous failure. In 1938, Katz and Mendlowitz® published an an- 
alj'sis of spontaneous heart failure in the isolated heart circuit. They 
measured the diastolic size of the heart by means of either calipers or an 
oncometer. By obtaining arterial blood samples from the oritflow system 
of the left side of the heart and venoms blood from a glas.s cannula passed 
into the coronary .sinus, they assumed they could calculate the oxygen 
consumption of the heart. In the summaiy of their paper, they slated 
that with their preparation it Avas possible to permit failure to occur 
AAuth little or no change in total diastolic A'olume. They found that un- 
der these circumstances there was a progressive decrease in the Avork 
and oxygen consumption of the heart, and little change in its mechanical 
efficiency. They concluded that “Avhen the Avork of the heart was kept 
constant, no change in oxj^gen consumption or mechanical efficiency oc- 
cuiTed, despite a progressive increase in the diastolic volume and t ic 
left auricular pressure.” They also concluded that failure of a heart 
chamber is caused by an increase in load or decrease in contractfie 
power, or both, of such a degree that the chamber begins to tail to do tiie 


Unpublished experiments. 
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.vork imposed upon it by the load. They also state as a conclusion “that 
loss of contractile power is manifested by a reduction ni total energy 
release and hence work at a given diastolic volume and (c.xccpt 
teminally) not by a decrease with which the liberated energy is utilized 
for mechanical work.” The work of Katz and Idendlowitz cannot be 
considered as proving their conclusion because their mea.snrcments oi 
oxygen consumption did not take into account the oxygen consum])tion 
of the blood that returned to the right side of the heart via Thebesian 
channels; it has been shown that the oxygen content of this blood may 
differ very greatly from that of the blood in the coronary sinus." IMoro- 
over, there is a discrepancy in their conclusions. They speak of heart 
failure in conjunction with little or no change in total diastolic volume 
in one statement, and, in another, they mention a progressive increase 
in the diastolic volume. Their one curve showing diastolic volume in- 
dicates a progressive increase in the volume. Katz and Mcndlowitz 
state in their paper that it is apparent that loss of mechanical efficiency 
is not an essential factor in heart failure, and that, such a lo.ss docs not 
occur except as a terminal event. We will show later tliat this state- 
ment is not true. 


Since one of the poisons with which we did our work was diiditheria 
toxin, we wish to review the work of Wilt, Lindner, and Katz,’" who 
studied the effects of acute experimental poisoning of the heart with 
diphtheria toxin. They made use of the intact dog, so that their woih 
not only shows the effect of diphtheria toxin upon the myocardium, but 
also upon the peripheral circulation. Under the conditions of their 
experiments, the stroke volume declined. They also state that there 
was distention of the heart. Tlieir two published curves .show at limes 
a rise, and, at other times, a decrease in the diastolic pressure in the left 
ventricle (venous pressure) during the poisoning. In our opinion, this 
is because they were dealing with a combination of lieart failure and 
peripheral vascular failure. AVe can find no mea.suremcnts of stroke 
or minute output, and no quantitative data on changes in the diastolic 
volume of the heart. Among other things, they observed various cardiac 
arrhythmias which could have been produced bj'- diphtheria toxin. Be- 
cause of the complications in the experiments of Witt, Lindner, and 
Katz, we do not believe that this work can be accepted as the final word 
regarding the effect of diphtheria toxin on the myocardium itself. 

Our search of the literature convinced us that there was a place for 
renewed investigation of the physiologic factors of diastolic volume, 
mechanical efficiency, venous pre.ssure, cardiac output, and blood pres- 
sure when the heart is made hjqjodynamic by the administration of 
cardiac poisons. 

^ An experiment to ascertain the effect of cardiac poisons on the func- 
tion of the mammalian heart muscle should be carried out only on the 
isolated heart-lung preparation or an isolated heart with a mechanical 
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oxygenator taking over the function of the lung, because, otherwise 
peripheial vascular factors will mask or complicate the results of the 
heart muscle failure. Because of our many j-ears of experience with the 
Starling heart-lung preparation, we selected this metliocl. Later wc 
added the Visseher oxygen consumption apparatus. As cardiac poisons, 
we selected chloral hydrate, chloroform, diphtheria toxin, alcohol, and 
potassium chloride. Pig. 1 is a schema of the heart-lung prepaivation 
as used by us. It is essentially a heart connected to the pulmonary circu- 
lation with the lungs intact, with an artificial resistance, which* can bo 
varied to suit the desires of the experimenter, inserted into the arterial 
circulation. This circulation consists of a glass cannula in the brachio- 



cephalic artery of the dog and a series of glass and rubber tubes carry- 
ing the blood pumped out of the heart up to the venous reservoir, winch 
is itself connected to the superior vena cava hy rubber tubing and a 
glass cannula (Fig. 1). All of the branches of the root of the aorta, 
except the brachiocephalic arteiw, are ligated, and the aorta itse )s 
ligated just beyond the brachiocephalic artery. Thus the onlj par o 
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the systemic circulation Avhich remains intact is the root of the aorta. 
The lungs are ventilated hy means of a pump, so that the heart-lung 
preparation is kept well oxygenated. In the heart-lung preparation 
as we used it for this experiment, one water manometer was connected 
to the inferior vena cava in order to measure the right auricular pres- 
sure, and another was connected with a branch of the pulmonary vein 
in order to measure the left auricular pressure. A eardiometer, fitted 
around the aurieuloventrieular groove, was connected to a large tam- 
bour in order to record changes in the diastolic and systolic volume of 
the ventricles. At the beginning and end of each experiment the eardi- 
ometer ivas calibrated by noting the excursions of the tambour level 
after injections of 20 c.c. quantities of air into the eardiometer system. 
It was thus pos.sible to measure dilatation of the ventricles in cubic 
centimeters. A cannula, connected to a Straub membrane manometer, 
was inserted into the arterial eii-eulation near the brachiocephalic ar- 
tery, and a Stolnykow stromuhr for measuring minute output of the 
heart was connected to the arterial circulation just beyond the artificial 
resistance. The venous reservoir wms kept at constant temperature by a 
water bath which was heated and stirred eleetrieally. A demce con- 
nected to the heating element kept the temperature constant within 
0.1° 0. A screw clamp, connected to the rubber tubing leading from the 
venous reservoir to the cannula in the superior vena cava, regulated the 
rate of volume infloAV into the right auricle. 

It has been our experience that the artificial resistance keeps the ar- 
terial diastolic pressure nearly constant at the desired level throughout 
great changes in the conditions of the experiment. The sj^stolie blood 
pressure varies Avith the stroke output of the heart. There is easy ac- 
cess to the venous reservoir, so that cardiac poisons or digitalis glyco- 
sides can be inserted readily. The minute volume is measured by ob- 
serving the time (AAdth a stop Avatch) required for the blood to floAv 
from one mark on the stromuhr to another mark ; the volume betAveen 
the tAvo marks is 50 c.c. The stop Avatch measures one-fifth of a second. 
The error of the measurement of minute volume is determined by this 
one-fifth second scale division. The rate of the heart is largely con- 
trolled l)y the temperature in this preparation, so that the heart rate re- 
mains constant over a large range of changes. Cardiac poisons may 
cause heart block, extrasystoles, and auricular fibrillation, all of AiAieh 
may alter the A^entrieular rate; otherAAuse the rate of the ventricles is 


constant. 

When we measured oxygen consumption, Ave made use of the heart- 
lung preparation in the oxygen consumption apparatus, as devised by 
llr. Visscher,® In this ease Ave used the apparatus in Dr. Visscher’s 
laboratory and had the advantage of his advice, as Avell as that of Dr 
Lorher, an assistant in his department. If proper precautions are taken,' 
the lesulls obtained Avith tins apparatus are accurate. The clinician Avill 
note that this method of measuring oxygen consumption is an adapta- 
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tion of the one which he uses in estimating tlic basal metabolic rate- i],e 
adaptation is made to the trachea of the hcart-lmig preparation rati, or 
han to the mouth of the patient. A pump is inserted in tlie apparatus 
to keep the ox^-gen circulating into the lung during the inspiratorv stroke 
and out of the lung and into the spirometer when the stroke of tlie pump 
IS in the opposite direction. Fig. 2 is Dr. Yisseher's schema of this ap- 
paratus. We M-ill not go into a discussion of its accuraev ; this has been 
done bj- Dr. Yisseher, and a critical reader can look it up in his pa])eis 
Let it be said that the results obtained M-itli this o.xygen consumption 
apparatus have been checked Avith those obtained with an isolated heait 
and mechanical oxx-genating apparatus and found to be accurate if the 
proper precautions are taken. 



Fig. 2. — Schematic drawing of the A'isscher lieart-lung oxygen consumption ap- 
paratus. This is a photograph of Fig. 1 from tlie paper by Peters and Visschcr, The 
Energ>' Metabolism of the Heart in Failure and the Influence of Drugs Upon It. AM. 
Heart J. 2: 273. 1936. Dr. Visscher’s permission was obtained for the use of this 
figure. 


In the coui’se of this investigation we repeated the original experi- 
ments of Starling upon which the law of the heart was based. In Fig. 3 
we show the effect of increasing the venous return to the liearl. Start- 
ing ■with a volume flow of 50 c.c. in 11.2 seconds in the arterial system, 
or a minute volume of 270 c.c. per minute if we neglect the coronary flow, 
we observed that the venous pressure in the pulmonary vein on the left 
side was 3.3 cm., and, on the right side, or in the inferior vena cava, was 
2.S cm. of water. The blood pressure was 105/95. Xow the inflow from 
the venous reseiwoir was increased by taking off some of the pre.ssure on 
the clamp constricting the tube running from the reservoir to the .su- 
perior vena cava. The flow immediately increased until 50 c.c. were 
injected from the left ventricle into the arterial system in 2.8 second.s, 
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Which gave a minute output, of 1070 c.c., neglecting the coronary flow 
im blood pressure at this time mas 117/91. The venous pressure men 
up on the left to 9.5 em.„ and, on the right, to S.7 enn At the same tune 
the heart dilated 25 c.c. in diastolic volume. The inllow from the vciious 
reservoir was now decreased until it. look 5.6 secoiuls to c.icct 50 c.c. fmm 
the left ventricle into the arterial system, giving a cardiac outiuit of odo 
c.c. per minute if me neglect, coronary Horn. Tlic blood pressure at. tins 
time mas 112/95. The venous pressure went, down to 5.0 on the left 
and 4.5 on the right, and the dilatation of the licart receded 18 e.e. 
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Fig. o. — Influence of cardiac output on the illn.^tolic volume of tlio heart and on 
Uio venous pressure. Top curve Is cardloinelor tracinfr, systole uj), diastole clown. 
Dilatation is represented by a downward dl.'iplaceniont of the curve. Blood iire.s.suro 
curve (Spaub manometer) below curdlomcter tractiiK. ‘‘Flow" mc'ans the minibor of 
•seconds durlnpr which 50 c.c. of blood (lowed from the loft ventricle into the aortic 
.system, as moa.sured in the flow meter. ThI.s nmoiint is cxclusivo of the amount (low- 
*”>0 tlie coronary’ sy.stcm. "VPD = venous prc.s.siire on the left in cm. of water. 
A'^PKp venous pressure on the right In cm. of water. Tlio dilatation of these 
y Going from a minute flow of 270 c.c. to a minute flow of 

1,070 c.c. 

At the end of this ex])erinicnt me tied off the two ventricles .inst be- 
yond the cardiometer and mea.surcd their volume with the contained 
hlood. This volume wa.s ]20 e.e. The Aveight of the ventriele.s without 
the blood tvas 97 grams. From data pnbli.shed in the thesis of ITymer L. 
Fiiedell, The Estimation of the Size and Stroke Output of the Heart 
by Means of Roentgenliymography, ” submitted to the University of 
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Minnesota in partial fulfillment of the requirements for the degree of 
Doctoi of Philosophj' , as uell as from data obtained hy roentgenl\\'niog- 
raphy on the hearts of two internes at the i\Iinneapolis General Hospital, 
we calculated that the diastolic volume of the heart of a man 170 em. in 
height and weighing 70 kilos is approximately 600 c.c. The diastolic 
volume of this average man ’s heart would increase hy 125 c.c. under the 
same conditions that cause the 25 c.c. dilatation in our dog's heart, as- 
suming that the diastolic volume of the auricles enlarges proportionately 
with that of the ventricles. From data obtained by roentgenlcjunography 
on the two internes’ hearts we have calculated that the enlargement of 
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on tho left in cm. of water. VPK = venous from the left yon rich. 
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into the aortic s>-stem, exclusive of the amount iioAMn^ 


l^AHU AKT) BUEflLKU; ACUTE COKOES'iTVE Hl'.AUT MUSCl.K EAIIA'KK 


210 


tlie transverse diameter of this normal heart would he approximately 
7 mm. if the increase in diastolic volume was 12.0 e.e. These data frivc us 
the order of magnitude of the incroa.se that would take ]ilaee in the di- 
astolic volume and transverse diameter of a normal sized human heart if 
its work per beat were increased aj^proximatcly four limes by increasing 
the stroke ovUput four times. \V'c have repeated this type of experiment 
many times in the course of this investigation and the result has always 
been the same. Increasing the work of the heart by inei'casing its outimt 
always causes dilatation of the heart, and, at the same time, Ihci'c is an 
increase in the venous pressure in both the left and right auricles. 
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Fi" 4a shows the effect of iiicreasinir the artificial pori}ihcval re- 
sistance from 140 to 160 mm. Hg. The blood pro-s-sure incromsed from 
190/144 to 210/162 mm. Hg. The miiuitc volume, as measured by the 
flmv meter in the arterial sy.stcm, dropiiod from 700 e.e. to 750 c.c., a 
difference which depends largely uiion increased flow in the coronary 
.system caused by the rise in mean arterial pre.ssure. The .stroke outi)Ul. 
as measured by the difl'eveuee between the. systolic and diastolic volnnu'.s 
on the cardiometer record, .showed no moa.surablc change. O'lio vent rirdc-s 
dilated 8 c.c., and the venous pressure went up from 0.5 c.c. to 15 enu of 
water in the left auricle and from 5.5 cm. to 8.5 cm. of water in the right 
auricle. Fig. 4b shows the effect of further increasing the artificial nv 
sistance to 180. The blood pressure rose to 223/187, and the heart di- 
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lated another 8 c.c. Tlie venoiLs pressure went, up to 25 cm. on the left 
and 10 on the rigJit. The minute output, as measured liy the stromuhr, 
fell to 715 c.c. per minute. The difference between 790 and 715 e.e. per 
minute was largely the result, of the inevca.se in flow in the coronary sys- 
tem caused by the merensed mean blood pressure. The difference iio- 
tween the systolic and diastolic volumes on the cardiometer tvaeimr 
showed no measurable eliangc in .stroke output. Ri.ses in blood pres.sure 

m a good heart-lung preparation are not accompanied by a fall in cardi-ie 
output. ' XJVIHV. 
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Four c.e. of digilanid C were then introduced into the reservoir, and 
within a short period of time, Avitli the blood pressure remaining at 
227/179, the venous pressure started to fall and the output to increase. 
At the end of the curve the venous pressure had declined on the left to 
13, and, on the right, to 8.5 cm. of water, and the minute volmno hm} in- 
creased to 790 c.e. At the same time the diastolic volume had decreased 
15 c.c. Two minutes later the venous pressure had come down to 8.8 
cm. on the left and 7.5 cm. on the right, and the minute volume liad in- 
creased to 835 e.c. This digitalis effect indicates that considcral)lc spon- 
taneous heart failure was present, despite which the Starling “law of the 
heart'’ held good. 

Figs. 5a, b, and e illustrate well an experiment in which cliloral hr- 
drate was used to produce failure of the dog's heart. Before tlie chloral 
hydrate Avas given, the venous pressure on the left Avas 7,5, and. on the 
right, Avas 10.5. The minute volume of Aoav through the floAv meter Avas 
575 e.c. per minute. The blood pressure Avas 125/92. At the point 
marked by the arroAv, 3 c.e. of a 20 per cent solution of chloral liydrate 
Avere put into the A^enous reservoir; the latter contained approximately 
1000 c.c. of blood. Within a minute after introducing the chloi-al liy- 
drate the heart had dilated 7 e.c. and the venous pressure had risen to 
10.3 on the left and 12.3 on the right. At the same time the cardiac out- 
put, as measured by the stromiibr, had fallen to 540 c.e. per mhiuic, and 
the blood pressure aa^s 122/92. A little later, 1.5 c.c. of a 20 ])cr cent, 
solution of chloral hydrate Avere introduced into the reservoir, and the 
venous pressure on the left rose to 13.5 and on the right to 14.2. At 
the same time the diastolic Amlume of the heart increased 2 e.c. more, 
the floAv decreased to 500 e.c. per minute, and the blood pressure Avas 
115/90. This is illustrated in the first part of Fig. 5b. If avo had in- 
creased the input into the right auricle so as to bring the Avork of the 
heart back to its original A'alue, the dilatation Avould haA^e increased CA'cn 
more and the A^enous pressure A\muld have risen higher. As it Avas, the 
heart Avas performing less Avork at a greater diastolic Amlume and Avith an 
increased Amuous pressure. At the point marked AAith a small arroAv, 
2 c.c. (0.4 mg.) of digilanid C AAmre put into the A'enous reserA'oir, and, 
Avithin one minute, the heart had decreased 4 c.c. in diastolic volume, as 
illustrated on the curAm, and the venous pressure had dropped to 12.4 on 
the left and 13.5 on the right. At the same time the miimte a-oIuiuc in 
the stromuhr had gone up to 520 c.c, Tavo c.c. more of digilanid C avoi’C 
noAV put into the Amnous reserAmir, and, a])proximatcl3^ 15 inhmtcs aftei 
the first digilanid had been introduced, the diastolic A'olume of the hcait 
AAms 5 c.e. smaller than at the beginning of the experiment, as shoAAm m 
Fig. 5c. The Amnous jAressure on the left aa^s back to the normal of 
6.8, and, on the right, to 10.2. The minute volume was, as originally, 
575, and the blood iressure Avas 125/93. This exiAerimcnt, making use of 
chloral hydrate to produce a hypodynamic heart muscle, AA'as repeated a 
number of times on a number of dogs' hearts and tlic results Avere a - 
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ways tlie same. Chloral hydrate produced dilatation of the heart and 
an increase in venous pressure. There was some tendency to decreased 
stroke output, so that the work of the heart decreased. Digitalis tended 
to bring back the venous pressure to the normal, to decrease the diastolic 
volume to normal, and to increase the output to the original amount per 
beat. 

A close examination of the cardiometer record during heart failure 
shows how the changes associated with heart failure are brought about. 
As the heart failure starts to manifest ikself, wc note that there is a 
slight increase in the systolic volume of the heart, indicating that the 
heart is emptrdng itself a little less each beat, or, in other words, that 
the stroke output has slightl.v decreased. The stroke output continues 
to decrease, but sooner or later seems to become stationary. In the 
meantime, the diastolic volume has increased because a greater amount 
of blood is retained in the ventricle at the end of systole and nearl.y the 
same amount comes in from the venous I'cservoir during the succeeding 
diastolic period. Therefore, the total diastolic volume increases some- 
what. Decrease in the systolic output and increase in the diastolic 
volume may continue until the heart stops beating, but, as a rule, a point 
is reached at which the diastolic volume does not increase or increases 
only very slowly. The systolic volume may now decrease somewhat; in 
other words, the systolic output may increase until the original level is 
reached or nearly reached. In severer degrees of poisoning the original 
stroke output is never reached despite the diastolic volume increase. In 
the meantime, the venous pressure has increased on both the left and the 
right side of the heart. A more or less steady state is now achieved, 
in which, with an increased diastolic volume and an increased venous 
pressure, the stroke output has increased either to the original value or 
possibly is a little below it. The mechanism of the increase in diastolic 
volume is to be found in the decreased s.y6tolic output once the 2 >oison 
has produced a hypodjmamic state of the heart muscle. The retained 
blood, plus the blood flowing in from the venous reservoir, tends to in- 
crease the diastolic volume. At the same time the venous pressure rises 
because there is some slmving up of the flow from the venous reservoir 
into the heart. If the venous pressure did not rise somewhat, the diastolic 
volume could not increase. In order to get an increase in diastolic 
volume it is nece.ssary to increase the initial (diastolic) tension on tlie 
cardiac muscle fibers. 

One of our many experiments with chloral hydrate as a cardiac poison 
has some additional points of interest to the clinician, in that both 
asystole and auricular fibrillation were produced, and the administration 
of a digitalis glycoside, digilanid C, apparently resulted in restoration of 
normal rhythm. This heart had been experimented upon for about one- 
half hour before starting the chloral hydrate. At the start of the experi- 
ment with chloral hydrate, the blood pressure urns 147/127, the cardiac 
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output was oSO Q.C., neglecting the coronarr flow, and the venous prc.^uro 
on the left was 8.2 and on the right 6 cm. Two portions of 2 c.c. each of 
a 10 per cent solution of chloral hydrate were introduced into the venous 
reseiwoir: t.his caused an increase of about 20 c.c. in the dia.stolie volume 
of the heart and a fall in the minute output, as measured })y flic 
stromuhr, to 500 c.c. per minute, and the blood pre.ssure fell to 136 '116. 
Four c.e. of a 10 per cent solution of chloral hydrate were then added to 
the venous reservoir, and -within one and one-half minutes the heart 




.started to dilate greatly, the rate of the heart to .slow appreeialdy. and the 
venous pressures to rise markedly. In a veiA shoif time ilie heari 
stopped beating, at -tvhich time the diastolic volume liad incmised 6:) c.c. 
more and tlie venous pressures both on the left and rialit were 42 cm. 
of water: this was the height of the venous reservoir above 
auricle. The heaif stopped beatinn for only a few .seconds, and 1 icn 
occasional beats appeared. As the lieart started to beat atrain the di a a- 
tion receded until tlicre was a total increase oi 40 c.c. w dta.stobc to) 
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above that before any cliloral hydrate Imd l)cen given. The venous pres- 
sure was 20 on the left and 10 on the rigid. When auideular fibrillation 
.set in, the heart dilated about 44 e.c. again. Tlic voious ])re.ssui'e then 
rose to 40 on tlie left and 36 on the fight, and the ininutf! output was 
so slight that it was impossible to niea.surc it aeeurately. At the jioint. of 
greatest dilatation, 4 c.e. (O.S mg.) of digilanid 0 were given. After four 
minutes the heart became regular and the dilatation receded until the 
diastolic volume of the ventricles was back to its original value. The 
venous pre.ssure finally became 10 on the left and 6 on the right. Analysis 



crease in oai-diac onlpul n.lor- l' rT"i''' ''“''t, ami dc. 

which the heart .na, rive, f' '-“"H "> asystole, from 

aiastolie volnme may come hath 
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may be restored approximately to normal, and tlic cardiac out])ut inav 
become the same as before chloral hydrate %yas given. 

We carried out three experiments in wliieh diphtheria toxin ^vas used 
to poison the heart. Two of these experiments were done nitli the hcait- 
'lung preparation ndthout the oxygen comsumption attachment, and one 
was carried out with the oxygen eonsiunption apparatirs. It is neeessarv 
to use very strong diphtheria toxin in order to produce heart failure 
ndthin the short period of time necessary for these experiments. Tho.se 
strong solutions of diphtheria toxin tend to produce disturbances such as 
heart block, extrasystoles, auricular fibrillation, and pulsrrs alternans. 
These abnormalities make it very difficirlt to compute the work of the 
heart accurately because of the irregirlarity in the blood pressure. 

Fig. 6a shows the eardiometer and blood pre.s.surc record in an experi- 
ment with diphtheria toxin (Lt- == .0092) obtained from the Eli Lilly 
Company^ by Dr. Larson of the Department of Bacteriology at the Uni- 
versity of ]\rinnesota. At the .start of the experiment the minute out- 
put w'as 790 e.e., neglecting the coronary flow, and the venous pi’os- 
sure on the left A^-as 10.2, and, on the right, 10.3 cm. of water. The 
blood pres.sure Avas 127/109. TAA'cnt.A'-four c.c. of the diphtheria toxin 
AA'ere in.ieeted into the resei'A'oir, AA'hich contained approximately 1000 c.c. 
of blood. As this seemed to have only- a slight effect on the A'enous pre.s- 
sure and the .size of the heart, wilhin 1% mhmtes "wo added another 
16 c.c. Within 4.5 seconds after this second dose of diphtheria toxin, 
the A’enous pre.ssure on the left side had risen to 32.5 cm. and on the right 
to 13.5 cm., and tlxe heart A'olume, as .shoAAm in Fig. 6a, increased 16 c.c. 
The mean blood pre.ssure could not be accurately' measured becau.se of the 
irregularity of the heart, but the ciuwe sIioavs that it AA’as someAvhat less 
than before, AA'hercas the minute A'olume (790 c.c.) had xiot decreased. 
A little later the heart became cA’en moi’e irregular, as is shoAni in the 
continuation of this cuiwe in Fig. 6b. At the same time the heart con- 
tinued to dilate until it Avas 30 c.c. larger than before the diphtheria 
toxin Avas gh'en. At the point, marked 13 on the signal xnagnet curve ijJ 
Fig. 6b, 4 c.c. of digilanid C Avere given. The Amnous pressures .started 
to decline soon after the digilanid was giA'cn, and slowly decreased to 
10.3 cm. on the left and 9.7 on the right in approximately 35 minutes. 
At this time the diastolic volume had decreased 28 c.c. In the meantime, 
the heart became regular, the output of the left ventricle, neglecting the 
coronary Aoaa', remained at 790 c.c. per minute, and the blood pressure 
Avas 127/104. 

In the other experiment Avith diphtheria toxin, aa'c employed a AveaKei 
to.xin (L = 0.035). At the start the venous pressure Avas 7.8 on the left 
and 11.2 cm. on the right ; the floAV AA'as 600 c.c. per minute, measured m 
the floAv meter; and the blood pre.ssure Avas 122/110 mm. Hg. Two 
hundred tAventy c.c. of diphtheria toxin were now introduced into ttic 
1000 c.c. of blood in the reseiwoir. The heart .started to dilate, the a enous 
pre.ssures AA'ent up to 13.2 on the left and 15.5 cm. of Avater on the rigi ■ 
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and the flow decreased to 500 c.c. At the same lime the heart l)ecanu« 
very irregular. Tlic heart had dilated about 15 e.c. at t!\is time, aiul the 
flow, as measured in the flow meter, had fallen to aOO e.c. The inflow 
cock was now opened in order to obtain the same flow as at Die liogin- 
niug, and, witJi the minute flow at 600 c.c., Die venous pre.ssure rose 
to 20 cm. on the left and 21. cm. on the right. There was at this time 
a total dilatation of about 42 c.c. Tlie mean blood pressure was very 
difiicult to measure accurately because of the irregularity. We ealeulal ed 


that the mean value was approximately 119 mm. Hg, Thercloro the lelt 
ventricle was doing about the same amount of work a.s at the beginning 
of the experiment, and the mean blood pre.s.surc determining coronary 
flow was, also, the same as at the beginning. Four c.e. of digilanid C 
wore introduced into the reservoir, Imt the heart conliniicd to be ir- 
regular, the venous pressures wont up even higher than they had been, 
and the output decreased. The- heart continued to dilate. It. was evident 
that digilanid C would not restore the original condition of this heart 
muscle, and the experiment was soon discontinued. The exjieriments 
with diphtheria toxin show very definitely that this poison tends to ])ro- 
duce a hypodjmamic lieart muscle, but the experiment is frequently com- 
plicated by eardiae irregularities. The venous pressure always ri.scs at 
the .same time that the ventricles dilate. There is a tendency toward a 
fall in the cardiac output which can be made good by increasing the in- 
flow. Under these circumstances the heart dilates more and the vtmous 
pressures rise even more. If digilanid C is given .soon enough, or if the 
degree of poisoning is Jiot too great, normal conditions will he restored. 

We performed a very large number of experiments in wliich cliloro- 
form was used to injure the heart. The chloroform was introduced into 
Die air that was pumped into the lungs of the pj-eparation, but it was 
found that it was very difficult to gauge tJie amouni of chloroform ac- 
euralely by this method, and, in many ca.se.s, although wo were able to 


produce a hjqiodynamic heart muscle, it was very frc(jucntly im))ossible 
to make the conditions rever.sible willi digilanid C because the poisoning 
had gone too far. The ventricles would begin to fibrillatc, and the heart 
would stop ])eating. 

Pig. 7a .shows continued dilatation** of a dog’s heart after chloroform 
was stalled. The signal marker .shows a slight rise at the moment at 
which the chloroform was introduced. Shoilly after this the heart 
dilated fairly rapidly. At the end of liiis cni-ve the heart Jiad increased 
IS c.e. in diastolic volume after introducing the chloroform. The cardiac 
output remained the same as ])reviou.sly, namely, 1165 c.e. per minute 
The blood pre.ssure, which was this time taken with a mercurv manome- 
ter remained constantly at Si mm. Hg. The venous prc.s.sure, which 
had bee n 7.5 cm. on the left and 7 cm. on the right, had gone up to 17 cm. 


*In the chloroform ♦>.- 

the sy.stoUc; erso, the 
other experiments the 


. “if cardiomelcr curve is nbove 
-n the cardiopieter tr.'icing rises, in all the 
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on the left and 13 cm. on the right at the end of this figure. Tlie lio-irl 
continued to dilate for a period of about two minutes moi-e at whidi 
time the total dilatation of the heart was 35 e.c. and the flow nieter 
measured a flow of 1040 e.c. per minute. The venous pressure had now 
gone up to 24 cm. on the left and 16.5 on the right; the blood pros,suro 
remained constantly at 84 mm. Hg. This is the condition as seen in 
Fig. Tb. At the end of this figure the signal marker shows where 4 c.c. 
of digilanid C were given, and Pig. 7e shoivs tliat the dilatation of the 
heart has receded. Calibration of this decrease in diastolic volume 
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showed that it amowitecl to 25 e.c., hut the hcaid was slill 10 e.c. larfior 
than at the start, of the experiment. The iilood pressure remained the 
same. Tlie minute volume, as measured in the How meter, had now "one 
up to 1480 c.c. per minute, whieli represents a 24 per cent increase over 
the original output. The venous pre.ssurc went down to 13.5 on llio left 
and 11.5 on the right. Undoubtedly, part of the inerea.se in venous jn-es- 
sure and diastolic volume was the result of the fact that the worlc of the 
heart had been increased through iuercased minute volume by about 
20-25 per cent. The many experiments with chloroform as the cardiac 
toxin showed that the heart invariably dilates, the venous ]n-ossui-es rise, 
and there is a tendenej' toward a decrease in the stroke out,i)ut when the 








meter mcasureil an outnut of Intioduceil was UT, cc nnr? 
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poison begins to affect the heart muscle. If the heart muscle bceoincs 
only slightly hn)odynamic tlie original stroke output may be restored 
With greater degrees of poisoning the minute output ivouM drop con- 
siderably. Frequently a digitalis glycoside (Cedilanid) will restore nr 
neailv restore the original diastolic volume, the original venous pressures, 
and the original stroke output. If the poisoning has gone too far the 
gtycoside may fail to restore the heart muscle to its original condition, 
the heart .stops beating, and ventricular fibrillation usually ensues. 



7c.— Continuation of Fig. Tb. The dilatation of the licart .slowly ''ocedo?, 
at the end of tlie curve, it has receded 23 c.a At this time the to is-.t, 
an output of 1480 c.c. per minute. A'cnous pres-sure on tlie left i.s non down to i 
and, on the right, to 11.5. 


The effect of alcohol upon the heart is e.s.sontijiliy liie .same ns ihal <>1 
chloroform, chloral hydrate, and diphtheria toxin. Fig. <Sa .slioms an ex- 
periment in which 95 per cent alcohol was used. At tlie start oi t le 
experiment the volume fiow ivas 600 c.c. per minute, the lilood pressure. 
129/97, and the venous prcs.sure on the left 13.2, and on tlic right 9.6 (in- 
of water. At the point marked on the signal magnet, 211* 
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Fig. Sb — Continuation of 8a. It shows continued dilatation. The venous pressure 
has gone up to 18 on the left and 21.5 on the right at the point marked 18 on the 
signal magnet; at this time the flow is .still .50 c.c. in five seconds. Just before the 
point marked 18 on the signal magnet, the inflow was increased so that the minute 
flow went up to the original of 600 c.c. At the point "in.” four c.c. of digilanid were 
given and there is some recession in dia.stolic volume. At the end of the figure this 
decrease m diastolic volume is about 5 c.c., and the venous pressure on the left is 16 
and, on the right, 18.2, with a minute output of 650 c.c., excluding the coronary flow ’ 
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cent alcohol were added to the 1000 e.c. of blood in the reservoir. Within 
one^and one-fourth minutes the venous pressure on the left had risen to 
14.5, and, on the right, to 11.5, and the diastolic volume of the heart had 
decreased 7 c.c. The minute output remained unchanged and the Wood 
pressure was 125/95, wliich was approximately the same as at the start 
of the experiment. Later, 2^/^ c.c. more of alcohol were given and the 
heart dilated again. The venous pressure rose to 16.2 on the left and 13 
on the right, and the minute volume fell to 575 e.c. An additional 2t/, 
c.e. of alcohol were given. The heart continued to dilate and the venous 
pressure to rise irntil there Avas a total dilatation of 16 c.c. and the venous 
pressure was 18.S on the left and 18.8 on the right. At this time w 
increased the infloAV into the heart because the output .seemed to he de- 
creasing considerably. This caused an increased dilatation. Somewhat 
later we tried the effect of giAung digilanid C. At the point marlmd on 
the signal magnet, in Fig. 8b, 4 c.c. of digilanid C Avere added io the 
blood in the reserA'oir. At this time the A'enous pressure on the left Avas 
18, and, on the right, 21.5 ; the minute output Avas 600 c.c. ; and the blood 
pressure Avas 125/97. Three minutes after giAong digilanid C the 
diastolic volume had decreased 5 e.c., as shoAvn near the end of Fig. Sb. 
Six minutes later the diastolic volume had receded a little more, .so that 
the total decrease in diastolic volume aa^s 7 c.e. and the venous pre.s.sure 
on the left Avas 16 and on the right 18.2. The minute output had ri.seii 
to 650 c.c. The blood pre.ssurc AA-as approximately 130/96. In this e.\- 
lAcriment the increased diastolic A’olume of the ventricles only docrca.scd 
about 35 per cent under the influence of the digilanid C, paitly bceau.'ie 
AA'e gaA'e too much alcohol or AA'aited too long before giving the glycoside, 
and partly also because the AA-ork of the heart had inerea.sed about 10 per 
cent. This experiment illustrates that AA'hen alcohol aa’os u.sed as a poi.son 
for tlAe heart muscle, the blood pre.ssure varied very little througlioAil the 
experiment, the venous pre.s.sin-e rose A'ery definitely on both sides of the 
heart, and the heart dilated moderately. At the same time, Avhen the 
i\eart failure became scA’cre there AA’as .some diminution iir the minute out- 
put of the heart. A digitalis ghmoside (digilanid) tended to deereasc 
the venous pre.s.surc and the diastolic A'olume of the heart and to increase 


the minute floAv. 

Only one experiment Avas performed on the lieart-lung prcjraratioii 
Avithout the oxygen consumiAtion apparatus in Avhich ])otassium chloride 
AA-as u.sed as the heart poi.son. Pota.ssium ehloidde tends to lu-odueo heart 
block and exti-asystoles. and the.se complicate e-xpm’iments. In this one 
experiment Ave made use of a dog Avcighiug 25 pounds. The artificial rc- 
resistanee Avas set at 100 mm. Hg. The infloAV Avas ad.iusted .so that there 
AA-as a fioAv of 600 e.c. per minute in the fioAV meter. The venous ])ro.ssure 
Avas 7.6 on the left and 6.6 on the right. The minute flow, tlic vcnou.s 
pressures, and the diastolic voIiAiue remained constant throughout u 
preliminary period of four minutes, during which the blood pressmr A\as 
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127/102 One c.c. of a 10 per cent solution of potassium chloride yas 

added to the 1000 c.c. of blood in the reservon and .dthm 
the venous pressure on the left had risen to 8.5 and on the right to .o. 
The output remained at 600 e.c. a minute. Then another c.c. o ic 
potassium chloride solution was added, and, two and one-half minutes 
later, the venous pressure on the left was 9.5, and, on the right, 8, with 
600 c.c. per minute passing through the flow meter. Throe c.c. nioie 
of the 10 per cent potassium chloride solution were added, and, four 
minutes later, the venous pressure on the left had risen to 19 and on the 
riglit to 13.2. At this time the eai-diac output, minus the flow in the 
coronary vessels, was 555 c.c. per minute and the heart rate had slowed 


down verj' materially. The diastolic volume had increased 10 c.c. The 
heart became much sloiver and then very irregular because of numerous 
extra.sy.stoles. At this time, 5 c.c. of digilaiiid C were given, but the 
preparation continued to fail, and, 17 minutes after giving the first por- 


tion of digilaiiid C, the venous pressure on the left was 21, and, on the 
right, 16 ; tlie diastolic volume of the heart had increased 30 e.c. beyond 
its original volume and the cardiac output, as measured in our flow 
meter, had fallen to 410 e.c. per minute. At this time the rate of the 
heart was about 45, whereas it had been 118 before any potassium 
chloride liad been given. Tiie heartbeat was very irregular, and, al- 
though the diastolic blood pressure I'emained fairly constant at 97, the 
systolic blood pressure varied enormously because of the irregularity 
of the heart. During the period of greatest dilatation and slowing of 
the heart, the venous pressures finally rose to approximately 35 cm. both 
on the left and right. Another c.c. of digilaiiid was introduced into the 
reservoir, and, 18 minutes later, the heart had recovered somewhat. The 
rhythm became perfectly regular, but the rate was 72. The venous pres- 
sure fell to 16.5 on the left and 13.5 on the right. The cardiac output 
rose to 535 c.c. per minute. The blood pressure at this time was 137/97, 
and the diastolic volume receded until it was only 8 c.c. larger than at 
the start of the experiment. From this time on there was very little 
change in the cardiac output, the venous pressures, or the diastolic 
volume. For a period of 32 minutes after making these measurements 
they remained constant at the above values. At this time we stopped 
the experiment because it was apparent that there was not going to be 
any more improvement in the heart. The effects of the potassium 
ehloiide were to cause dilatation of the heart, increase in the venous pres- 
sures, decrease in the eardiae output, and slowing and irregularity of the 
heartbeat. Digilanid seemed to cause disappearance of the irregularity 
of the heart and a decrease in the eardiae volume anddn the venous pres- 
sures, but rt did not restore them completely to the values present before 
the potassium chloride had been given. Digilanid also produced an 
increase in tiie eardiae output, but here also it did not completely restore 
It to what It was before the potassium chloride had been given. 
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OXVGEX COXSCAn?TIOX EXPERDIEKTS 

The above-mentioned experiments n-onid make it seem exfz-emclv pro!)- 
able tliat the oxygen consumption of the mammalian heart inw-cascs al 
the same time that the mechanical mork of tlie heart eitlier remains the 
same or decreases mhen the lieart muscle is made hypodAmamie by poison- 
ing. TTe therefore proceeded to make use of the Visscher oxygen con- 
sumption apparatus iu order to ascertain simultaneously external cardiac 
work and oxygen consumption, or total energy release of the heart. 

We calculated the work of the left ventricle by multiplying the minute 
flow in the arterial system by the mean blood pressure. This flow is 
measured by a Stolnykow stromzihr, inserted in the arterial line. Wc 
did not measure the blood flow in the coronaiy arterial .system, so tliat 
the work of the left ventricle a.s tlius calculated was probably often 20 to 
even 30 per cent le.ss than the actual Avork because of this neglect of the 
coronary floAV. We also assumed that the Avork of the right side of the 
heart AA'as one-third tliat of the left. This is the usual assumption in 
this type of experimental procedure, especially in A'iew of the increased 
pulmonary artery resistance caused by the pressure of the cardiometer 
memlji-ane upon the pulmonary artery. We have neglected the kinetic 
energy of the mass of blood ejected from the heart, l)ut this is a common 
procedure in elementary physiologA* because it is usually assumed that 
the kinetic cnergA* factor is not more than 5 per cent of the total Avork 
of tlie A'eutricles. Another thing to be kept in mind is that, although 
Ave attempt to measure the Avoi-k of the ventricles, the work of the auriedos 
is neglected. There is no question that the auricles perform a not incon- 
siderable amount of work, especially Avhen a cardiometer is placed tiglill.v 
around the A'entricle.s. TJierefore, the Avork of the lieart as avc calculated 
it i.s undoubtedly considerably less than the actual AA'ork, .so that our 
calculated mechanical efficiency is not as high as it Avould he if it Avere 
ascertained by a more accurate method of mea.surcment. At the same 
time, changes in mechanical efficiency are accurately ascertained by (his 
method. Our mechanical efficiencies are of the .same order of magnitude 
as those observed by Peters and Yisscher'^ and Katz and ^lendlowitz.' 

Our fii-st experiment Avith the oxygen consumption apparatus Avas 
carried out AA'itli chloral hydrate as the poksoning agent. The dog 
Aveighed 19 pounds. The temperature of the Avater hath in Avliicli the 
lieart lung apparatus Avas immensed AA'as kept at 35° C. The iilood prc''- 
.sure Avas 165/120, giving a mean of 14.2 cm. of mercury. The volume 
floAv was 470 c.e. per minute. The external Avork of the left ventricle is 
calculated from these figures as 89 x lO*-' ergs. The external work of the 
right ventricle, calculated as one-third of Ihi.s, is 29.7 x 10'" ergs. T ic 
total Avork of the ventricles is therefore 11S.7 x 10'= ergs. Ising yt* 
mechanical eriuivalent of heat, this amount of Avork i.s equal to 
calories. The oxygen eomsumption of the heart-lung preparation aa.is 
measured over a period of tliree minutes, and one-third of Hus was taKcn 
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as the number of calories of oxygen consumption per minute. This 
oxygen consumption was found to be 85 calories per minute. The oxygen 
consumption of the lung itself is calculated at one-fifth of this, or 17 
calories, leaving an oxygen consumption for the heart of 68 calories. The 
mechanical efficiency, as calculated from these figures of 68 calories 
oxygen consumption for the heart and 2.8 calories of external ventricular 
work, was 4.1 per cent. 

Now 6 e.c. of a 20 per cent solution of chloral hydrate were put into 
the reservoir containing the blood. Eleven minutes after the chloral 
liydrate had been given, the following observations were made. The 
blood pressure was 168/113, giving a mean of 14 cm. of mercury. The 
minute output, as measured by the flow meter, was 455 c.e. per minute. 
The external work of the ventricles was equivalent to 2.7 calories. The 
oxygen consumption of the heart-lung preparation for one minute was 
131 calories, and, of the lung, 17 calories, leaving 114 calories as the 
oxygen consumption of the heart per minute. The mechanical efficiency 
under these circumstances was calculated as 2.4 per cent, which was a 
fall of 41 per cent \vithin eleven minutes after giving the chloral hydrate. 
The dilatation of the heart at this time, as measured by the eardiometer, 
was 21 c.c. 

Six minutes after 4 e.c. (0.8 mg.) of digilanid were given, the blood 
pressure was 167/115, giving a mean blood pressure of 14.1 cm. of 
mercury. The minute output of the heart at this time, as measured by 
the flow meter, was 526 e.c. The external work of the ventricles for one 
minute, as calculated in calories from the mean blood pressure and the 
flow, was 3.2 calories. The oxygen consumption of tlie whole preparation 
for one minute was 118 calories. Subtracting 17 calories for the oxygen 
consumption of the lung for one minute leaves 101 calories for one 
minute. This gives a mechanical efficiency of 3.2 per cent six minutes 
after digilanid was given, or an increase in mechanical efficiency of 33 
per cent. The diastolic volume now showed approximately no enlarge- 
ment. Nine minutes after giving the digilanid 0 the external work of 
the two ventricles, as measured in calories, was 2.9 calories, and the 
oxygen consumption of the heart for one minute was 88 calories. Tins 
gives a mechanical efficiency of 3.3 per cent, or a 37 per cent increase 
within nine minutes after digilanid C had been given. 

We tested the eardiometer very carefully in this cxiieriment, and 
found that there were no leaks. This was a good preparation from tlic 
start. A check made at the beginning of the experiment showed that 
for eight minutes of the normal period there was no dilatation of tlie 
heart, but ratlier a 1 c.c. reduction of the diastolic volume. At the same 
time we measured a reduction in the external work of the left ventricle 
of about 1 per cent. This sliows that this was an exceptionally good ex- 
periment, and that spontaneous failure proceeded very slowly. ■ The 
dilatation and the change in oxj'gen consumption and mechanical 
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efficiency after the chloral hydrate was given may therefore he well at- 
tributed to the effect of chloral hydrate alone. In the same wav it mav 
be said that the effect of the digilanid alone caused the dilatation to re- 
cede and the mechanical efficiency to increase after it had been reduced 
by the chloral hydrate. This experiment proves that chloral hydrate 
causes a reduction in the mechanical efficiency of the heart muscle at tlie 
same time that it produces an increase in the diastolic volume of tlie 
heart. 


A second experiment was done \vith chloral hydrate as the poisoning 
agent, maldng use of the Visscher oxj’^gen consumption apparatus to 
ascertain mechanical efficiency. In this experiment it took us a long 
time to get the preparation made. Therefore, the heart had dilated con- 
siderably before it was put into the cardiometer. In this experiment the 
calculated external work of both ventricles for one minute was 65.2 x lO'"’ 
ergs, which is equal to 1.6 calories when the mechanical equivalent of heat, 
is used for the transformation of ergs into calories. The oxygen con- 
sumption of the heart for one minute was 172.5 calories, and the me- 
chanical efficiencj^ was therefore 0.92 per cent. 

Now 4y2 c.c. of a 20 per cent solution of chloral hydrate were put 
into the venous reservoir. Within a short period of time there was a 
distinct dilatation of the heart, amounting to about 10 c.c., but, as there 
was a slight leak in the cardiometer, the dilatation was probably greater 
than this. The minute output decreased to 142 c.c. per minute, as 
measured in the flow meter. It was impossible to increase this minute 
output because the stopcock between the venous reservoir and the riglit 
auricle was wide open. The external work of both ventricles per minute 
was now 0.78 calories. The oxygen consumption of the heart alone for 
one minute was 191.9 calories. This gave a mechanical efficiency of 0.46 
per cent. The mechanical efficiency fell from 0.92 per cent to 0.46 per 
cent after the use of chloral hydrate, that is, to one-half what it had been 
previously. 

Pour c.c. of digilanid C were noAV put into the reservoir, and the 
cardiometer tracing shoAved a distinct reduction in size Aa'c minutes aftcr- 
AA'ards. The external Avork of both ventricles Avas calculated a.s 2.6 
calories of ventricular Avork. The oxygen consumption of the heart Avas 
133.9 calories. This giAms a mechanical efficiency of 1.9 per cent after the 
digitalis glycoside had been gNen. This experiment sIioavs A’cry dcfiniteli 
that, Avhen the heart muscle AA-as poisoned Avith chloral hydrate, the me- 
chanical efficiency diminished to one-half its prei-ious value, and the use 
of digilanid resuited in an increase in the mehanical efficiency of 300 per 
cent. In this experiment there was a large spontaneous loss of mccliani- 
cal efficiency before the poison Avas administered, part of Avhich loss 
removed by the use of the digitalis glycoside. 

One more experiment A\'as performed Avith chloral hydrate. Ihis A\as 
again a poor preparation becau.se of the long time consumed in ina 'ifip 
it, in fitting the cardiometer, and getting everything to work accurate y 
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After the heart-lung preparation had been completed, wo had trouble 
with the apparatus, the valves, and the tailing, so that one and onc-ha 
hours elapsed between the time of completing the heart-lung preparation 
and the time at which it was finally put into the cardiometer. During 
this period the heait had dilated very greatly, so that it completely filled 
the cardiometer and therefore could not dilate. The temperature of the 
water bath was 34° C. Before the chloral hydrate was given, the output 
of the left ventricle, as measured in the flow meter, was 300 e.o. ])er 
minute. The blood pressure wa.s 165/105. Tlie external work of tlie 
two ventricles was calculated from these data as 1.6 calorics per minute. 
The oxygen consumption of the heart alone was 384 calorics, giving a 
meclianical efficienej’’ of 0.4 per cent. Now 3 c.e. of a 20 pei* cent solution 
of chloral hydrate were introduced into the venous reservoir, but there 
was no dilatation, which corresponds with the fact that dilatation was 
almost impossible because the ventricles practically filled the cardiometer. 
On the other hand, there was a distinct fall in the blood pressure, and 
the stroke output seemed to be definitely less. An attempt was made lo 
increase the inflow, but this was not successful because the heart could 
not dilate. After the heart had been under the influence of the chloral 
hydrate for four minutes, the minute output of the left venii-iele had 
decreased lo 90.5 c.c. per minute and the blood pressure was 125/85. The 
external work of both ventricles was 17 x 10'’’ ergs, which is equivalent 
to 0.4 calories. The oxygen consumption of the heart alone for one 
minute was 374 calories, which gives a mechanical efficiency of 0.1 per 
cent. Now 4 c.c. of digilanid C ivere introduced into the reservoir, and, 
within 10 minutes, the minute volume, as measured in the flow meter, 
, rose to 176 c.c. and the blood pressure was 155/90. The external w’ork of 
the two ventricles was now equivalent to 0.9 calories. The oxygen con- 
sumption of the heart was 364 calories, which gives a mechanical 
efficiency of 0.25 per cent. It will be noted that this experiment was 
done at practically constant diastolic volume because the heart filled the 
cardiometer. In accordance with this, the oxygen consumption remained 
practically constant throughout the experiment. On the other hand, the 
external work of the heart decreased greatly. This experiment shows 
that, under the influence of chloral hydrate, even when the ventricular 
volume lemained constant, there was a decrease in the mechanical 

efficiency, and the effect of digilanid C was to increase the mechanical 
efficiency. 

Our next experiment on oxygen consumption was performed with 
alcohol as the heart poison. The heart, taken from a 24-pound dog, 
seemed to be in excellent condition. Some dilatation took place before 
the cardiometer was placed over the ventricles, but, after the preparation 
was started, the heart did not dilate over a period of six minutes. The 
minute volume also remained constant, as ascertained by four different 
measurements within a period of four minutes. This minute volume was 
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pressure was 205/120, -ivin- a mean of 
162. The external work of tlie two ventrielos was 2.8 ealoric.s. The 
heart consumed 225 calories of oxygen per minute, giving a incelianieal 
efficiency of 1.2 per cent. A couple of minutes later a second measnre- 
ment of the external worlc of the two ventricles sliowed that it was 2.7 
calories. The oxygen consumption of the heart itself was 249 calories per 
minute giving a mechanical efficiency of 1.1 per cent. Now 6 e.e. of 
alcohol were introduced into the venous reservoir. Eleven minutes after 
the alcohol had been given, the heart had dilated about 6 c.c. and the 


minute output of the left ventricle had declined slightly (to 395 c.c.). 
The blood pressure had fallen to 200/115, giving a mean blood piussurc 
of 158. The external work of the two ventricles was 2.6 calories. The 
oxygen consumption of the heart alone was 268 calorics per minute, 
giving a mechanical efficiency of 0.95 per cent. 

Two c.c. more of alcohol were added, and, 13 minutes later, the 
diastolic volume increased a little more. The minute output had now 
fallen to 306 c.c., and the blood pressure was 195/115, giving a moan 
blood pressure of 155. The external work of the two ventricles was 2.0 
calories. The oxygen consumption of the heart during this period was 
278 calories per minute, giving a mechanical efficiency of 0.7. Therefore, 
30 minutes after the first alcohol had been introduced into the system 
the mechanical efficiency had fallen 36 i^er cent. Tliere were now 8 c.c. 
of alcohol in the system, giving approximately an 0.8 per cent solution 
of alcohol by volume. Another measurement was made 10 minutes 
previous to the last measurement quoted, and also after 8 c.c. of alcohol 
had been introduced. At Ibis time the minute output, was 333 c.c., llic 
blood pressure, 185/115, and the external work of the two ventricles, 2.0 , 
calories. The oxygen consumption of the heart, as read from the 
sj>irometer emwe, a7id after deduction of the amount con.smned in the 
lungs, was 274 calories, giving a calculated mechanical efficiency of 0.7 
per cent. Fifteen minnles after the last alcohol had been introduced into 
the system, 4 c.c. of digilanid C were introduced into the reservoir. 
Ten minutes after this the blood pressure v'as 225/115, and the mi- 
nute output had risen to 575 c.c. The calculated external work of tin*, 
left ventricle was therefore 4.1 calories. The oxygen consumption ol 


the heart alone Avas 286 calories, giving a mechanical efficiency of 1.4 per 
cent. The volume of the ventricles Avas uoav 5 c.c. less than at the begin- 
ning of the experiment:, but Ave must take into consideration that there 
Avas a .slight leak in the eardiometer. This experiment shows that, alcohol 
reduces the mechanical efficiency of the heart at the .same lime timt 
the heart dilates, and that digilanid C makes the mechanical efficiency 
even better than at the start of the experiment. 

The one experiment Avith diphtheria toxin Avas not complete^ .s.ifis- 
factory. We had at onr disposal a comparatively weak diphthena tosm 
(L = 0.035). Utoreover, as is frequently the ease Avilli diphtlieria toxin. 
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an arrhytlnnia was produced. The rate became rapid and the beating 
irreo-ular The results are never quite a.s clear-cut when arrhythmias 
complicate tlie picture. The heart-lung preparation, wliieli came from 
a dog weighing 18 pounds, seemed to be in excellent slnqie. The work o 
the ventricles before diphtheria toxin was given was 3.1 calorio.s. The 
oxygen consumption of the heart was 183 calories, giving a meehanieal 
efficiency of 1.7 per cent. One hundred eighty c.c. of the diphtheria toxin 
were put into the reservoir, and, 41 minutes later the work of the heart, 
in calories was 3.2, and the oxygen consumption of the heart for one 
minute was 287 calories. Tiiis gave a mechanical efficiency of 1.1 per 
cent, or approximatelj’’ a 35 per cent diminution in meebanical efficiency. 
Four c.c. of digilanid C (0.8 mg.) were injected into the re.servoir, and, 
13 minutes later, the work of the ventricles was 3.3 calorics and the 
oxygen consumption of the heart for one minute was 223 calories, giving 
a meehanieal efficiency of 1.5 per cent. Five minutes later the work of 
the ventricles and the oxygen consumption were the same. We .suspect 
that auricular fibrillation was present but could not .settle the quesiion 
definitely. 

We attempted one experiment with potassium chloride, but we were 
unable to calculate the work of the ventricles accurately after giving the 
potassium cliloride because the rate became very slow and the beating 
was very irregular; the cardiac output measuremenls were very unequal, 
and we felt that it was impossible to make an accurate estimation of 
the work of the ventricles because of the impossibility of obtaining 
accurate mean blood pressure values. 

These experiments show that, Avhen the heart muscle is rendcied hypo- 
dynamic by a poisoning agent, the first effect is to reduce the ratio of 
external Avork that can be performed AA^ien a given amount of oxygen is 
consumed in the combustion of energy releasing materials. Con- 
sequently, the heart is not able to pump as much blood per beat, if the 
blood pressure is kept constant, because the amount of external Avork 
must decrease. This leads to retention of blood in the venti-ieles at the 
end of systole. Blood is flou’ing from the periphery with the same 
A-elocity, for the moment, as before the heart muscle started to fail, and, 
in consequence, there aauII be an increased amount of blood Avithin the 
ventricles and some rise in the intraA’^entrieular pressures, as Avell as in 
the auricular pres,sure at the end of diastole. A rise in auricular pres- 
sure Avill lead to increased venous pressure. The rise in intraA'entricular 
pressure at the end of diastole leads to increased stretching of the heart 
muscle fibers and increased diastolic volume. The increased diastolic 
volume results in an increased oxygen consumption, or an increased con- 
sumption of energy releasing materials in the heart muscle. In con- 
sequence, there Avill be an increased amount of energy available for ex- 
ternal Avork after dilatation has been effected. Ultimately there is a 
tendency tOAvard restoration of the amount of external Avork performed 
by the heart muscle, but at the cost of increased oxygen consumption, in- 
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creased diastolic volume, and increased venous pressure. If ihe licart 
mascle becomes onl.v slightly hj^podj-namic and the blood pressure re- 
mains constant, increased diastolic volume will be sufficient to keep up 
the stroke output at approximately its previous value. But with liiglier 
degrees of injury to tlie heart muscle, the consociuent rise in venous pres- 
sure is not sufficient to dilate the heart enough so tliat it can eject the 
same amount of blood as previously, even with increased o^iysen con- 
sumption. Under these circumstances the .stroke and minute output, as 
well as the external work of the heart, diminish considerably. By in- 
creasing the input of blood, and thereby raising the venous pressures to 
very high values, we can, in the heart-lung preparation, frecjuently keep 
the stroke and minute output constant, despite considerable poisoning 
of the heart muscle fibers, but at the cost of a very marked increase in 
oxygen consumption. 

The primary effect of digitalis is again demonsti’ated to be that of 
an increase in the mechanical efficiency of the heart, as fir.st stated by 
Peters and Visseher,'’ and when this occurs the heart is able to pump 
more blood in its dilated state. In consequence, part of the residual blood 
in tlie ventricles, as well as in tlie venous reservoirs, is ])umped out, the 
dilatation recedes, and the venous pressure declines. Digitalis may re- 
store tlie previous condition, or there may be some increased venous pi'C.s- 
sure and dilatation after the digitalis effect Is complete. 

CONCLUSIONS 

The cardinal features of .spontaneous heart failure or that produced 
by chloroform, chloral hydrate, alcohol, and diphtlicria toxin arc (a) 
a decrease in the mechanical efficiency of the heart ; (h) dilatation of the 
ventricles; (e) a rise of venous pre.ssure in the left and right auricles; 
and (d) a tendency toward a decrease in the minute output of the ven- 
tricles. 

\\nieu the heart is poisoned Avith potassium chloride the ventricles 
dilate, the venous pre.s.sure ri.ses in the loft and right auriclc.s, and there 
is a tendency toward a decrease in the ventricular output. 

In one experiment in Avhieh the diastolic volume and the oxygen 
consumption were kciit constant, there were a decrease in the mechanical 
efficiency of the lieaif, a tendency towai-d a decrea.se in the minnlo out- 
put of the ventricles, as Avell as the mean blood pre.ssure, and a ri.se of 
venoms pre.s.suro in the left and right auricle.s. 

Digilanid C (Cedilanid), a digitalis glycoside, increases the me- 
chanical efficiency of the heart provided the heart failure has not been 
allowed to go too far. It increa.ses the cardiac output, decrca.ses the 
ventricular dilatation, and decreases the venous pre.ssures. 
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DISCUSSION 


Dn. Geokge Heurmanx:, Galveston. — Thc.se cxpcriniont.s of J)r.s. Fahr and Buehlnr 
are very interesting with respect to the progress of the mechanics of heart failure. 
In the early work tliat we reported on the chemistry of heart failnie, we did e.vperi- 
nients somewhat similar to those which Dr. Fahr lia.s pre.'-ented, excejit that we carried 
the hearts to spontaneous exliausfion and tlicn studied the cliange.s in the cliemi.stry 
of the lioart tnuscle. It must he remembered that we arc derding in these anitiml 
e.xperiment.? witli normal liearls that have a good coronjiry arterial .“ysteni. Siieli 
relatively young hearts might possibly componsnto by inerensed oxygen eonsumptinn, 
which could not lie made available to the heart muscle in the iiresenee of nn iinpnired 
coronary circulation. 

We cannot apply Dr. Fahr’.s and Dr. Buehler’s ohsorvations directly to our human 
problems because it ,«cem.s to us that in mo.-;| ca.se.s a deficiency in oxygennlion of the 
heart muscle is a primary factor in myocardial iiistifiiciency. Chemical change is an 
equally large factor, at any rate, and .•■•eems to us more important than the nieehnnie.-tl 
factor. 


Diphtheria toxin i.s a rather unn.siial cau.'-x“ of failure of tlio human heart. Of 
course, the heart which is tlie .«oat of valvular disease is under strain, but ttie eiiief 
factor in the hypcrten.sive heart is one of decreased circulation or decreased oxygena- 
tion. We have the conception that the trouble Iicgins with the deficiency in oxygena- 
tion, and that the efficiency of the heart .suffers for that reason. 

Ruskin pointed out in these experiments that there is both forwnrd and backward 
failure. The backward failure is that which Dr. Fahr .aiul Dr. Bm-liler have denioti- 
stiated in the rise of venous pressure. The forward pressure wa.s not. measured so 
extensively. The author.s stre.ss again the mechanical factor of increased venous 
pressure as an index of heart failure, as wc conceive it clinically. 

There are those, of course, wlio have a conception of heart failure of the forward 

tpe, in which venous pressure does not necessarily rise as it did in tlio exi.erinip.it s 
that were quoted. 

It would be interesting to have, along with thc.so oh.servations on mcdianical 
change,s, data concerning the chemical changes that go on in (he heart muscle as (l.c 
mechanical efficiency decreases. I am sure that there would he an index loss of 

:sr:i; 
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R. Harold E. B. P.vrdee, New York.— I am very glad to hear that Dr. Fahr hao 
started on an investigation of heart failure, because I feel that we vcrv defuiitolv 
need to liave a clinical definition of heart failure that is more adequate than the one 
now being used. He stated that he is progressing from his exiierimontal work 
to a clinical application. 

It has been very disturbing to see the variable meanings that have been given to 
the term “heart failure” by dilTcrent writers. Some apply it only to the most 
severe types, in which the patient is reduced to the state of being in bed. Otiior.-; 
apply it to lesser gi-ades of heart failure, when the patient is not particularly ill, but 
may have rales at the bases of the lungs posteriorly. 

I think the important thing to stress is Dr. Pahr’s statement that when the heart 
bej^ns to fail in its mechanical etficiencj-, that is the beginning of heart failure. It 
seems to me that this also marks the beginning of human heart failure. In other 
mords, when the patient is unable, ■without producing cardiac symptoms, to under- 
take any physical etfort that he had previously been able to make without such .wiiqi- 
toins, this indicates the beginning of his heart failure. 

IVhat we need and what I hope Dr. Fahr will produce for us is a useful clinical 
definition. 

A committee of the New York Heart Association some years ago tackled tliis 
problem and divided heart failure into four grades, calling them Classes I, 2, 2A, 
and 3. These titles were later changed to Classes 1, 2, 3, and 4, rc.spectivel.v. This 
is a measure of heart failure which has been of some use, but it has for some reason 
removed the emphasis from the underhung condition of heart failure and has not in- 
dicated when one should begin to use this term. I believe it is important to use it 
at the very beginning, at the first sign of the heart ’s being overtaxed. 

Dr, George Fahr, Minneapolis, — I am very glad that I can throw some light on 
the points that the two previous speakers brought up. Dr. Herrmann talked about the 
probable difference in the mechanism in coronary disease, when one starts out with 
a deficiency of oxygen. 

Those who have worked for years with the heart-lung preparation could have said, 
“You don’t need to worry about that.” IVhcu one decreases the supply of oxygen 
going to the heart muscle with the heart-lung preparation, one gels exactly the 
same thing as vvith poison. As venous pressure goes up and dilatation takes pince. 
oxygen consumption increases. 

I can report some work, not my own, which has been largely completed, and 
which shows that this law holds exactlj', no matter how the experinicnt is done. 
Di these very accurate experiments, one can greatly decrease the amount of oxygen 
going to the heart. It begins to consume tremendously increased amounts of oxygen 
as it dilates. The supply of oxygen is grc.atly diminished in those very fine e,\j>eri- 
ments, done in the physiologic laboratory of Dr. Yisschcr. 

With oxygen deficiency the heart consumes more oxygen. Clinicians think that 
this is a paradox. It sounds like a paradox, but it has to do with the intimate 
muscle mechanism that takes place when the heart becomes hypodynamic. 

The way we carry out this typo of experiment on our patients is as follow.«: Ue 
measure the cardiac output, the blood pressure, the venous pressure, and the di.isfolii 
volume, xvhicii, of course, varic.s with oxygen consumption. The rase.‘= which we have 
studied in largest degree, becau.se there arc so many in our hospital, are c.im s o 
coronary disease. Thc.se patients come in with heart failure, dilatation of the heart, 
usualh' with decreased stroke and minute output, .and high venous pres.-ure. I\( put 
them to bed and give them digitalis. The dilatation recedes, the ox'gen ( oiiMiinjitu n 
diminishes, and usually work increases. The arterial pre.^siire remains coii'-t.int .in 
the venous pressure goes down. What is true of heart failure in coron.ir_\ di. a < 
also true of other kinds of heart failure, such as rheumatic heart disease with vnlvu ar 
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defects. AVc liavc all kinds of heart disca.«o. and it is always the suaic as in the ani- 
mal e.xpcriments with the poison. Tho patients rome in with dilated hearts, .\ftei 
vest and digitalis the dilatation goes down, work increases, and inechanieal edicieney 
goes up. 

We have gone over to oiir dispensary, where we have jieople with eoroi\:iry di-.-aM-. 
with initral disease, with hypertension, and with aortic disease, hut all we ean tind is 
an enlarged heart. They have no symptoms, no <lys}inea. Tlie venous pre.-Mire is 
normal, hut the vital cajiaeity frequently is low, which means, of eoiirso. Iliat Iheto 
is some left-sided heart failure. Tint, we have had somi' p.atleals who had very little 
decrease in vital eapaeity. Whether we are justified in “aying that there is iio venous 
pressure ri.se in the loft side, I doii-'t know. Wi> htive laid some jiatieiils witli very 
little dilattition of the heart, whieh is o.xtremely inleresline. ,\fler ilit^dtalis tlie •.aaie 
thing oecur.s in those hearts. The diastolic si-/.e of the heart diminishes. There is no 
efTcig on tho venous pressure heeause it was uorimd in the first pho-e, Itut. tie’ 
mechanical eflicicncy, or work divided by the oxygen eonsiinq'tion. increascH in ihe-,,- 
heart.s which are not domonsfrahly failing. These patients are iiinnini: aronnil. Tlo-y 
are not doing their nsual work*, hut they are living at home and are noi si'rife,i-.lv 
incapacitated. 

Dr. Pardee said that he wanted a definition whii-li a elinici.-m eonld use. 1 li;ne 
used the above as a elinicnl definition now for two or three years. Of eonr.-e, one 
cannot define heart failure hy means of ]ierciission nml ansenltnlion alone. One 
has to have eorfain in.sfnimenls with ivliieh to do it. Hut the investigating eliah'ian 
can .study heart failure on his [lafient.s jii.-t ns ea-ily and rdniost as necuratelv a.- we 
ean in Ihc laboratory. 

We took our nurses and our interns with normul hearts tmd did the sriarn thing. 
We measured the diastolic volume, the stroke oiitjuil. ami hlo„d presKure. Their 
mechanical cfliciency under digitalis decreases. 

The etTcct of digitalis on a noniml heart is exa.-tly opp„dfe to what it is o,, 
a hypodvTinmic heart. 



HEMIPLEGIA FOLLOWING BPADYCARDIA AND CARDIAC 

STANDSTILL 

Albert T. Steegmaxx, M.D., Kansas City, j\IissouRr, and 
Harold Peil, Sf.D., Cleatsl-akd, Ohio 

'y’HE cerebral manifestations of bracls^cardia and cardiac standstill 

A are well known. The symptoms are vertigo, faintness, and loss of 
consciousness, with conATilsive seizrires and death, depending on the 
degree of slowing, the length of the periods of standstill, and the physi- 
cal state of the cerebral arteries. Stokes^ reported that transient hemi- 
plegia may be a sequel to cardiac standstill. Cardiac standstill of less 
than two seconds causes a feeling of faintness; of more than four 
seconds, syncope ; and, with longer periods of standstill, from twenty to 
forty seconds, convulsive movements occur and the re.spiration becomes 
slow and the skin pale. Patients usually’’ do not recover from attacks of 
eai’diae standstill which last longer than one to two minutes. Levine 
and Matton* reported a ease of Adams-Stokes sjuidrome caused by ven- 
tricular fibrillation and ventricular asystole of five minutes’ duration. 
This was followed by complete standstill of the ventricles for seventy- 
nine seconds, and, after the intraeardiac injection of adrenalin, rapid 
ventricular contractions reappeared. The phenomena of syncope arc 
caused by cerebral anemia. There are many causes, .such as ordinary 
fainting attacks, postural li.ypotension, hypersensitiveness of the carotid 
sinus, cardiac standstill as a re.sult of A-V dissociation, paro.xysmal 
tachycardia or ventricular fibrillation, and aortic stenosis. 

This I’eport concerns two patients who had syncopal attacks associated 
with (1) bradycardia and .(2) eaz'diae .standstill, and subsequeutlj’ de- 
veloped hemiplegia. No other identical cases have been found in the 
literature, but two cases of A-V nodal rhythm and syncopal attacks have 
been reported.®’ ■* 

CA.SB reports 

Case 1. — B. P., ii SG-yc.ir-oId hoii.'cu'ife, \va.s adniitfod to L.'ikc.«ide JIo!5{>)l.iJ 
July 4, 1934, with a history of palpitation and fainting attacks for one month. 
On the day of admission she had an attach of syncope, with convulsions. Paring 
this attack there was no radial pulse. During the next hour several more attacks 
occurred. 

Fast Eistonj. — The patient had liad diphtheria and pneumonia in childhood, and 
hystorectornj' five years previously. 

Physical Examination . — She was a well-developed and well-nourished white noinan, 
in no discomfort. Tlie Iieart was normal in size and there were no murnmr.«. The 
licart rate was 70 per minute and the rhythm was apparently normal. The penp i 
cral arteries were normal and the blood pressure was 120/SO. The edge o t > 
liver was barely palpable. The examination was otherwise negati\e. 

From the Department of Arodicine of Western Keservo Unlvor.Mity .School of 
cfnc and Lako.stdc Hospital, Cleveland, Ohio, 

Rccoiveci for ptihfic.ation Afay 29, 19-12. 
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Laboratory Data.— The urine uus nonnsil; leucocyte count, 17,4o0,- erythrocyte 
count, 4,970,000; hemoglobin, 93 per cent; blood Wasponnunn reaction, negative. 

The electrocardiograms showed; 

July 4, 1934, A-V nodal rhythm (rate 62). 

July 5, 1934, A-V nodal rliythni (rate 51) (Pig. 1). 

July 9, 1934, A-A’’ nodal rhythm (rate 75). 

Pluoroscopic examination of the aorta and heart revealed no abnornialitics. 

Subsequent Course . — During the following years the patient had ocea.sional spells 
of vertigo and syncope, and her heart rate remained about 4S per minute. On 
Marcli 29, 1938, she complained of a feeling of wciglit in tlic ejiigastrium on exer- 
cise. Her heart was normal in size and there were no imirnuirs. Tlic blood pressure 
was 172/90, and tlie heart rate was 36 per iniimtc. The electrocardiogram sliowod 
A-V nodal rhythm, but was otherwise normal. On Hay IS, 1938, while eating lunch, 
she suddenly lost the use of her left side and became stuporou.“. Tlicre were no 
convulsive seizures. She was readmitted to Luheside llo.spital Hay 22, 193S. 
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Fig. 1. — A-V nodal rhytlim ; rate, 51 per minute. 

Physical Examination.— Phe patient was in a stupor. 'Die lioart wiis normal 
m size and there were no murmurs. Tl.e rate was .35 per minute and was rhythmic 
The blood pressure was 150/90. The left corneal reflex was absent. Both optic 

rofln , ^ ^ completely paralyzed. Mayer's 

r*' "■ 

m.en. . “r no S 'f ' 

r cr me leit arm. There were no sensory changes over the left loo- 

process in the hones Tlie oloot v ** of any pathological 

» "‘e-D- spoctaBo. 

sclerosis, or any otlmr disease tTat m »rteriosclorosis, or arteriole- 

T..0 A.B .0,0, c..L.ra“;rLTorr;:s.'n-st 
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approximately 32 per minute. It is suggested that the di]>htherii 
III cnild/iood was the cause of the disease of the sinus node. 


a wliich ocearred 


Case 2.— G. S., a 27-year-old woman, a secretary, was fir.M seen March 17 ID'M 
complainmg of attacks of headache and nausea of thirteen months’ duration. A 
few days previously she had had a fainting attack which lasted one minute Iler 
pulse rate was 40 per minute. 

Past ilistori/.— She had had diphtheria at the age of 5 year.s, at which time she 
was given antitoxin. 

Physical Examinal ion. —She was a well-devcloiied and well-nourished white woman. 
The heart was normal in size; there was a soft systolic murmur at the apex. The 
peripheral arteries were soft, and the blood pressure was 144/80. 


Electrocardiogram.— 2-1 A-V block; auricular rate, 80, ventricular rate, 10. The 
record was otherwise normal. ’ 

Subsequent Covrse.— On Sept. 11, 1935, she had two attacks of syncope; her 
blood pressure was IGO/SO. 

Electrocardiogram. — Complete A-V block; auricular rate, 84, ventricular rate, 41. 
The patient was given epliedrine sulphate in a dose of 0.025 Gni. three fime.s a 
Jay. 

Jan. 17, 1938. — The patient was admitted to Lake.side Hospital with a complainl 
of numerous syncopal attacks since the last observation. These attack.s occurred 
without premonitory symptoms, lasted about one minute, and were frequently asso- 
ciated with convulsions, during which she had often fallen and injured herself. 



Fig. 2. — Complete heart Wock. Auricular rate 7.2; ventricular rate .13. T,. T;, and T 

in IV It are .sharply negative. 


Physical Examination. — There wa-s nothing .significant e.vcept the bradycardia 
(rate, 38) and the blood pressure (10.5/70). 

Electrocardiogram.— Complete A-V block; auricular rate, 7.3, ventricular rate, 
.33. T, was sharply negative ami T. was sharply elevated (Fig. 2). 

On the sixth hospital day the patient had a Stokes-Adam.s attack, lasting oru 
and one-half minutes. On the seventh hospital day another attack occurred, last- 
ing one minute. On the eighth hospital day the patient developed an acute .strepto- 
coccal throat infection which was successfully treated with sulfanilamide. - " 
attack occurred on this eighth hospital day, and on the ninth day .«he had n 
long attack, lasting about thirty minutes, during whiclt the heart rtitf fell to a mnl 
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20 per minute and the pulse became almost rmporecplible. On 
another attack occurred, lasting one minute. Adrcnalm m a dose .o - ' 

1:1000 solution Nvas given subcutaneously. A ferv nunutes later a second atta.h 
occurred, lasting about three minutes, during which no heart sounds could bo hc.m 
and respirations ceased. Artificial respiration was started and 1.0 c.c. of adrenalin 
was given by intracardiae iniection. Onc-hal£ minute later the radial pulse could 
bo felt but the heart was rapid and arrhythmic. Later in the afternoon an elocjro- 
cardiogram showed complete A-V block (auricular rate, 120, ventricular rate, ni)- 
On the next day the complete block was inlenupted at intervals by short runs of 


ventricular tachycardia. 

On the fourth day after the long attack of syncope, the patient had an attack 
lasting four to five seconds, following which she developed a combined (rceeptiw- 
ex-pressive) aphasia and right-sided hemiplegia and hemiaiie.^thesia. Heven dny.-i 
later slight movement returned on the right side, and eonvalo.'^ccnce progressed. 
Adrenalin, in a dose of 0.3 c.c. of a 1:1000 solution, was given hypodermically 
for acute attacks, and ephedrine sulphate was given by mouth (0,02.5 (liii.) four tiiiies 


daily. 

During the following year the patient regained partial use of the right arm 
and right leg, but there was no recovery of sensation. She continued to liave 
attacks of sjmeope one to two times a week, and later four to five times a day, 
Benzedrine sulphate in a dose of 10 mg. was given three times daily, and the at- 
tacks occurred less frequently. The attacks again recurred at more frequent in- 
tervals and she was readmitted to Lakeside Hospital May 31, 10.3!), in a .'cnii- 
comatose state; she was having frequent Stokes-Adams attacks. She wa.s given 
1 c.c, of a 1:1000 solution of adrenalin, and had but three very brief attacks 
during the eleven days of hospitalization. She was then given 0.025 Gm, of pro- 
padrine hydrochloride three times daily, but continued to have fror|iicnf atf.'iek.s 
of .syncope. She died in an attack on Oct. 30, 10.3.0. 


POST-MOUTEM OIl.SERV.VTION.S 

Heart . — The heart weighed 210 grams. The gross appearance was normal. No 
thrombi were seen in any of tlic chambers. Histologic examination showed an 
increase in the amount of connective ti.ssue in the region of the Bundle of His. 

Brain . — The brain after formalin fixation weighed 1120 grains, and was of firm 
cousisteucy. There was an area of softening of the left hemisphere in the distri- 
bution of the Sylvian artery. This involved the superior and part of the middle 
temporal convolutions, the inferior frontal cortc.x at the level of the temporal 
pole, the lower central cortex, the insular corte.x, part of the supramarginal gj'rus, 
and the anterior part of the angular gj'rus (Fig. 3). Coronal sections revealed 
an old, healed area of encephalomalacia composed of yellowish-gray tissue con- 
tauung an irregular network of connective tissue strands which formed cither dense 
bands or spongy, multilocular, cystlike cavdtics. The lesion involved the grav and 
white matter of the third frontal convolution at tlio level of the genu of the 
corpus callosum and became mote extenstve caudally. The inferior portion of the 
head of the caudate nucleus, the internal capsule between this and the putaraen 

Lvf 1 posteriorly, the degeneration lay lateral to the thalamus and 

nvolved the white matter and cortex of the parioto-occipital lobe. It tZL^d 

lateral posterior horn of the lateral ventricle. The left 

lateral ventricle was widened. A portion of the anterior superior aspect of tlm 
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There was no evidence of vascular disease, vascular anomaly, or ombolisin or 
thrombosis of the circle of AVillis, of the left middle cerebral artery, or of tliat 
portion of the internal carotid artery which was removed with the brain at autopsv. 

Histologic Examination . — Corresponding areas from the two heii\ispheres were 
removed, and the sections stained by the Nissl mctliod. Apart from the area of 
softening described above, the changes in the cortex were identical on the two 
sides. The ganglion colls were normal except for scattered, shrunken cells, siml 



Pig. 3. Left hemisphere. Broken line shows area of softening visible on tlio surface. 



pig. 4. — Coronal section of brain 


showing area of eneeiihatomaiarla. 
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there ^vere no diffuse or focal cellular defects. Some of the small cortical artcracs 
^vere thickened and had hyalinized avails. The type of cell changes 
resembled those which occur in prolonged or chronic illness. In area g 
softening the parencliymatous elements were replaced by a netwoik of 
and glial tissue which contained compound granular celhs and debris. 


DISCUS.S10X 

The cause of the encephalomalaeia was probably thrombosis of the in- 
ternal carotid artery in the carotid canal or cavernous sinus. The com- 
mon carotids pulsated during life but the carotids were not cxploiod 
at autops}^ Saphir* lias emphasized the importance of seaichiug for 
obstruction of the internal carotid artery in the carotid canal and 
cavernous sinus in cases of encephalomalaeia Avhen the obstruction i.s not 
found in the middle cerebral artery or in that portion of the internal 
carotid that is removed with the brain. 

The distribution and type of lesion in the brain were similar to those 
described after obstruction of the middle cerebral artery/' carotid liga- 
tion," and occlusion of tlie internal and common carotid arteries.®’ ® 

That the lesion ivas not eamsed by a generalized slowing or stoppage 
of blood flow is confuted by the lack of evidence of anomalies of the 
circle of Willis and by absence of ischemic changes in tlie cerebral cortex 
apart from the area of gross .softening. 

If there had been generalized iscliemic damage to the cerebral cortex 
in this case it would still be difficult to explain why only tliat pai't of 
the brain supplied by the left middle cerebral artery wa.s severely 
damaged. Experimental evidence^”’ and observations on man’® 
indicate that the ganglion cells of tlie cerebral cortex may be per- 
manently damaged by anoxia for a period of about live minutes. Tlierc 
is evidence”’ that the vulnerability of the neostriatum corresponds 
to that of the cerebral eoi'tex, but the vital centers in the brain stem 
have greater resistance. Short nonlethal periods of oxygen deprivation 
may give rise to syncope, convulsions, or impaired mental function. 

The autopsy observations ruled out the possibility that the cerebral 
softening was caused by embolism arising from a thrombus formed at 
the site of intracardiac injection, for no injury of tlie heart wall ivas 
found. No thrombi were found in the left ventricle. They also ruled 
out the possibility of tbrombo.sis in the middle cerebral artery. The 
strictly focal character of tlie encephalomalaeia and the absence of 
anomalies of the vessels of the circle of Willis are arguments ao-ainst the 
idea that the damage resulted from the generalized cerebril anoxia 
during the long period of cardiac asystole. 


OUiUiUAUX 


cases of hemiplegia are reported; one patient had auriculo- 
nt leular rhythm, and the other, complete heart block. The latter 
patient came to autopsy, and wddespread eneeplialomalacia in the area 
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.supplied by the middle cerebral artery Avas found. No thrombi Avere 
found ill the arteries. The olrstruction may liave been in tlie arlerv in 
its course through the carotid canal or the cavernous .sinus. 
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BILATE'RAL ^^ITSSED BEOClv 

Rkport of a Case ik Wiiicti There Was Beet Bhnoi.e Braxcu Beoek 
Di'Rixo Ltfe. With AtiTOFSV 

I J^Iahaim. ILT>., Laxisaxxe, Switeereaxd, ll E. Wixstox, 

Bostox, ]\Iass., Axn H. Eoesi.er, rniHAOWAonA, Ba. 

ICROSCOPIG study in rases of hundio hnineh Idoek lias vesulU'd 

in contradictory results. SeeininEdy eonvineiui: evidence has been 

obtained to support, 'both the classical and the lunv conceiil.s of bnndl<‘ 
branch, block. One fact seems certain; namely, that the le.sions almost 
always affect both branches of the bundle of Ills. It is also clear that 
many of the studies have been based upon an (n-roneons concei)t of the 
normal anatomy of the conduction system. Evei- since Ilu> woi-lc ol 
Tawara and IMonekcbevg, it has l)eon assumed that tlio two Itranelies ot 
(he bundle of His remain isolated in their whole eonrse along the inlej'- 
ventricular .septum, or at. least in the first jiart of this eonrse. But higli 
connections unite the branches and the trunk willi (he venti'ienlar 
musculatnre, and dc.struetion of botli branches is compatible willi normal 
auricvxloventrieular conduction. The association of normal auriculo- 
ventricular conduction time with destruction of both br.anclic.s i.s a con- 
dition that has been described as “bilateral Tnisssod block.” The case 
pre.sented hero i.s reported beeanse, in the pre.s'cnco of left liundle braneli 
block (new nomenelalnre), lliere was com])lole destruction of both 
branche.s, ivhile high eonneetions united the trunk with the vonlricnlar 
septal mnscnlatnre. 

CAHK KEFOUT 

The patient ^Yas u Tt-venr-otd iiinii u’lio liad .shown evidence of left ventrleiilnr 
failure for six or .«cven yeans, and of right vcntrie.nlar faiinre, for six niontli.'!. , Mix- 
months earlier lie Iiad tieoii examined in another liospital, wiiere llie tdood j>re.<s»re 
was found to be 170/110, and tlie tdood ure.a nitrogen .'!5 mg. per 100 e.e,. On ad- 
mission tlie patient liad severe dy.spno;i, cnipliy.'-enm, Jind pulmonary conge.slhm. Tlie 
left ventricle was much enlarged, gallop rhythm and pulsus alfernuns were present, 
and the blood pressure was l'.>0/85. The fiindi .sliowod nothing of .signifieance. The 
tdood Wassennann reaction wa.s negative, the liguros for blood sugar and urea 
nitrogen wme So mg. and 18 mg. per 100 e.e., respectively, and the blood cell count 
was e.ssentially normal. The oleetrocardiograni showed auricular iliittnr, with -I;! 
block, a ventricular rate of 75 per minute, .and occasional premature vontrieular Ix'uls. 
The conduction time from the hast flutter wave to the initial deflection, as measur(?d 
b "'as 0.14 second. QRB measured 0.14 .second, wjis of increased voltage, 
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nections, designated as sucii by INtahaiin in li)32, arc eonstani in i)„. 
liuinan Jieart, as ■well as in the heart of the cat, dog, ra1)hit, )))<>■, ajid 
sheep. They are also present in the calf’s liearl, altliougli Tawira! nho 
studied the bundle of His particularly in this animal bocanse of iho 
marked specific appearance of tlic bundle there, thought that the 
branches were completely isolated. Yet it is possible to demonstrate thc.s-c 
high connections in the calf’s heart also, although it should he admitted 
that they are much less frequent than in the heart of the eat and the 
j-ahbit. Kecent studies on this aspect of the eomj)arativc anatomy will 
be published soon by jMahaim and AVinston. Obviously, in dealing with 
the problem of bundle branch block it is important to realize that the 
common trunk, as well as both branches, is in connection with the ven- 
tricular septal myocardium. Any physiopathologie .studies with respect 
to conduction through the clisea.sed bundle of His must include a con- 
sideration of these high eonneetion.s. This is a difficult task. It is 
customary, in studying the anatomic relations of the branches, to stain 
only one out of five, ten, or even twenty of the 5,000 to 6,000 .sections, 
according to the nature of the case or the different levels under study. 
But in order to delect 1he.se higher connections, consecutive slides from 
jmints where these connections might be cxjrected must be stained and 
.studied without interruption. 


AVhen Itrahaim examined, in 1932, a ca.so of .so-called bundle branch 
block in which the duration of the QKS complex was extremely long, hi.s 
findings were surprising and even paradoxical. During life the atrio- 
ventricular conduction time had been perfectly normal, hut miciuscoiik* 
.study revealed complete desti'uction of both branches in this region. The 
excitation wave had i)assed exclusively through the high connections. 
This condition has been de.scribed as “bilateral missed block.” Experi- 
mental studies along this line were carried out by Rothberger and 
Mahaim, in 1935, and the microscopic observations made during thc.se 
studies will bo published soon (with AVinstonl. It is interesting that, as 
early as 1908, Biggs' observed lack of constancy in the A-A" block Avhich 
followed destruction of both branches in the rabbit’s heart. 

Bilateral missed block is not a.ssociated with the electrocardiograpidc 
features of A-A' block, although both branches are dc.stroyed. The dura- 
tion of the QRS complex is much increased because the excitation \\a\c. 
in order to reach the papillary mu.scics and the apical I'cgion, tollows mi 
atypical path through the mu.sculature ol the ijitcrventriculnr scjitum. 
The longer the lesions of the small branches along the septum, the 
the QRS area will bo. Our patient had auricular Ihiltcr with a varialdc 
rate of A-A^ conduction; hence the A-A’ conduction time could not fx' 
a.scertained. However, the absence of comiilete A-A' i)lock in the ju-e.^aice 
of complete interruption of both bundle branches .iustifies classiAing t us 
case ns one of “bilateral mis.scd block. ’ 
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SU JIM ARY 

1. Contrary to common lielief, llic Ijvo in-anchcs of the Inindle ol Tlis 
are not isolated in their course alonp: tiie interventricular sejitum. (Jon- 
neeting branches as liigh as the top level of the musculature occur in the 
hearts of men and animals. A continuous series of stained sections must 
be studied in order to demonstrate these fine connections. In most 
instances the common trunk of the bundle of His is likewise (snincctcd 
with the ventricular myocardium. Because of the pre.senco of these high 
connections, the A-V conduction time may be normal in spite of de- 
struction of both branches. This has been designated as "bilateral 
missed block.” 

2. A ease is reported in which, during life, there were auricular tlutter 
and so-called left bundle branch block (new nomenclature), (hi micro 
scopic examination both branches were found to bo destroyed and the 
trunk was seriously damaged, but it was po.ssible to demonstrate direct 
fiber connections with the venti-icular myocardium. Tlie excitation wav(! 
must have passed these high connection fibers. The absence of comjilete 
A-V block in the presence of complete interruption of both bundle 
branches makes this a ease of "bilateral missed block.” 
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A CASE OP THROSIBOANGIITIS OBLITERANS IN WHICH -I 
STENOSIS VESSEL ]\nJRArUR ^YAS RECORDED THROUGl/ 

THE ESOPHAGUS 

SHiGE.ua Hikohara, i\I.D. 

Kyoto, Japan 

'^HROMBO ANGIITIS obliterans was described by Buerger, in 190S, 

1 as a clironic disease with inflammatory involvement of the blood 
vessels. Stenosis or occlusion of the vessel is caused by proliferation 
of the endothelium or by thrombosis, and disturbed circulation of the 
blood gives rise to various symptoms. 

Formerly it was believed by a number of investigators that the in- 
volvement of the vessels was confined to certain peripheral arteries, 
particularly to the arteries of the extremities, but recently it has been 
observed that it also occurs in central vessels, such as the aorta and its 
main branches. 

One of the main sjTnptoms of thromboangiitis obliterans is di.sap- 
pearanee of the pulsation in the involved arteiy; it is often accom- 
panied by an ophthalmologic abnormality, such as cataract or abnormal 
anastomosis of retinal vessels. 

Onishi,^ a Japanese ophthalmologist, reported, in 1907, a case of a 
vascular disease with loss of vision and disappearance of the radial 
pulsation. Nakajima- reported the same type of case, in 1920; sub- 
sequently, similar instances have been observed by various investigators 
in Japan, including Yoshikawa,^ IMinogoshi and Uehiyama,^ Tomita and 
Higashi,® Nagashima and Kitamoto,® Hayashi and Nishimura,' Dodo,'' 
and Sato.® 

In thromboangiitis obliterans, arteriographic examination has been 
regarded as necessary if one is to ascertain the degree of involvement. 
When stenosis or occlusion exists in an artery of the cxti’cmities or 
brain, the involved region may be revealed clearly by the aidcriogram, 
but we may not apply this method to central arteries like the aorta or 
its main branches. Without arteidographic examination, we arc obliged 
to judge the degree of obstruction solely by ordinary physical exam- 
ination and symptoms. 

I have already reported^® a new mctiiod of recording heart sounds 
through the esophagus, and staled that an aortic murmur may he. 
beard at a distance of 25 to 28 cm. from the front teeth, vheie the 
aortic arch is close to the esophagus. 

Recently we examined a patient with thromboangiitis obliterans wlm 
Iiad no pulsation of the radial arteries on either side. Ye ueie md 

From Uie Tlilnl Medical Clinic of Kyoto Imncfial Vniver^ity. 
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able to make an artcriogvapliic examination, but .sueccodcd in 
a loud vessel murmur through the esophagus, u'lneh nulK-atcd inflam- 
matory involvement of the aorta. 

■We believe that the recording of a murmur through the csopliagus at 
the top of the aortic arch is one of the important signs of stenosis o- 
one of the great arteries situated close to the heart. 

AVhether or not a vessel murmur may be recorded through the esoph- 
agus in cases of thromboangiitis obliterans or angiitis rlicumatica lias 
not been reported. The following is such a case. 


Ruron'r of cask 


H. H., a Japanese woman, aged 20 years, was admitted to our clinic Feb. 30, 3S'l0, 
complaining of ^•isma disturbances and disappearance of tlic radial piilsatimi. 

Family JTisfori/.— Her grandfather and gr.'indinnthcr died of aiJOido.'cy. 

Past History.— It was stated that slie had had no scrions illness during her child- 
hood. Slie married at tlic age of 2.3 years. In .Tanuain-, 3030, she con.siillod a phy.-i- 
cian who made a diagnosis of spondylitis dor.salis and pregnancy of four montli.s’ 
duration. Therapeutic abortion was recommended, and she iiad 11m operation. There 
was no historj’ of sypliili.s. 

Present Illness . — Tlie patient complained of diminution of vision in botli cyo.s, 
particularly the left, in April, 303S. Ophthalmologic treatment somewhat improved 
her vision. Thereafter she often complained of di'/.r.inoss, and sometimes she bceamo 
faint. In December, 3939, her vi.sion failed again, and .she Imd temporary dy.sarthria 
and motor aphasia. Slie consulted an ophthalmologist, who found n catiiraet in her 
left eye. At that time the e.saminer could not palpate any jmlsation in the radial 
arteries, hut the patient stated that she had once palpated it herself. 

Condition oa Admission . — The patient was small, .slender, and slightly under- 
nourished. She was pale, but neither cyanosis nor gangrene was iiresont in tlie 
extremitie.s. Neitlier radial pulse was palpable. Tlie carotid pulses were small. Jso 
pulse could be felt in either temporal, axillary, or brachial artery. The pulse in the 
abdominal aorta was normal, but that in the common iliaes, fcmornls, poplitoals, 
and dorsales pedium wa.s diminished in volume. 

The chest was normal. The apo.x impulse was in (ho dfth intercostal space at 
the left nipple line. The right border of cardiac dullness was at the midsternnl 
line, the left border at the left nipple line, and the upper bolder at the fourth rib. 
A soft, blowing, s 3 'stolie murmur was hoard over tlie entire jireeordium. At the 
pulmonic area and the base it was slightly louder. At the cardiac apex the third 
Heart sound and a faint systolic murmur were lieard. Tlic pulmonic second sound 
was accentuated, 

E.\anunation of the lungs, abdomen, and nervous symptoms revealed nothing of 
importance. ^ 


Laboratory Examination . — Tlie orytlirocytes nuinhercd 1,930,000, and the leu- 
cocytes, 0,400; the hemoglobin was 85 per cent, according to Sahli’s method. The 
urine sliowed no abnormalities. 

Ophthalmologic examination revealed a cataract on the left, anastomosis nrtcrio- 
enosus retinae coronaria, and diminution of vision in both cye.s, particularly the 
left. The pressure in the central artery' was low 
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Microscopic examination of the enpillaries in the nail beds of the fm-'ers 
enlargement ami marked tortuosity of the arterial and venous vessels on both 
sideSj particularly the left. 

The blood pressure was measurable neither by the auscultatory nor palpatorv 
method, because there was no pulsation of the arteries of the upper extremities and 
no Korotkov sounds could be heard. The blood prejssurc in the poj)lite;il .-irterie,- 
was 203/150 on the left side, and 190/130 on the right side. 

A sphygmogram from the radial artery showed a monocrotic wave with verv 
little amplitude. A sphygmotachogram (by Dr. Tsutsumi, in onr clinic) is shown 
in Fig. 1; it was recorded with extremely high inagnitication. The blood pre.^sure 
in the arms and legs was obtained with the help of the sphygmotachogram. In the 
arms it varied from 40 to 45, systolic, and in the legs it was 132, .sy.stolic, on the 
right side, and 120, systolic, on the left side. 



Fig-. 1. — Sphygmotachogram from the right radial artery. 


Murmut 



o xrpeqpi murmur recorded through the e.^oplrngms at .a distance of 27 cm. from 
^ ifontTetT is present during hotlr sy.stole and dia.stole. 



Fig. 3.— The imart .-ound.^ rccordwl through the ff. 

hAr 'S- “oIKJmmi? 1. ,1.^'n 
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The heart sounds ^vere recorded over the apex, the base, the pulmonic area 
the aortic area, and the tricuspid area by means of Koizumi ‘si i apparatu--. Tid^ 
apparatus utilizes high frequency current. It consists of a microphone, an (u.-illa- 
tor, a detector, an amplifier, and an oscillograph. The microphone emploved l»v 
us ’(vas a round metal plate with a diameter of 3 cm.; it was insulated hv a mica 
plate. ^ The microphone was connected to the grid of the oscillator. Tlte che.-t 
wall is made to oscillate with each cardiac beat, and the change of electrical 
capacity between the chest wall, which is earthed, and the fixed inctal jdnte 
received and magnified; thus the heart sound is recorded by the osciltogra[ili. 

For the recording of a vessel murmur through the esophagus, we cmiiloyed tiie 
method previously reported by the writcr.m \Ve had the patient swallow' an in- 
sulated metal cylinder (1.5 cm. x 0.4 cm.), which was connected to the oscillator of 
Koizumi’s apparatus by a fine wire through a rubber tube. 

We recorded the sound through the esophagus at a distance of 2.1 to 28 cm. 
from the front teeth, and by this means registered a vessel murmur wliici) w.as f.ar 
louder than any systolic murmur over the prccordium. Fig. 2 shows a vessd 
murmur from the esophagus at a distance of 27 cm. from the front teeth. It 
shows a frequencj- of 120 to 4S0 per second, and has a large amplitude. The imir- 
mur was present -during both systole and diastole, and was of maximum intensity 
during the period of outflow. Fig. 3 is a sound tracing recorded at a distance of 
37 cm. from the front teeth. In this tracing a faint systolic murmur is shown, 
in addition to the first and second heart sounds. 

The heart sounds over the precordium are shown in Fig. 4. Over the aortic, 
tricuspid, and apical areas the systolic murmur was recorded as a mere trace, hut 
over the pulmonic area and the base it was recorded fairly well, wifli a frequence 
of 120 to 240 per second. Over the ape.x the third lieart sound w;is recorded, Ko 
diastolic murmur was discovered anywhere over the precordium. 

SUJIJIARY AXD DISCU.SSIOX 

Clinical and laboratory examination of this patient led us lo ll)0 
conclusion that she had Buerger’s di.sease, accompanied hy ocuhir synijt- 
toms. The cataract on the left side was proltahly caused liy (lisliiihe'i 
blood flow in the ocular circulatory .system. Tlie dizziness, dysartliviu. 
and aphasia of wliicli liic patient complained temporarily were tiioiigli! 
to he the result of insufficient cerebral blood flow. 

By recording the sounds through the esoifhagus, we detcefed a lou'l 
vessel murmur with high frequencies. Clinical oifscrvalion led us to 
think that this munnnr was caused by stenosis near the orifices of tlic 
innominate, common carotid, and left suliclavian arfcric.s, and lli-al tins 
stenosis had been produced hy proliferation of the endotliehurii, or 
thrombosis. The circulation in the upper half of the body was disturljcd 
hy this stenosis, hut an abundance of blood flowed in llic lower lufii oi 
tiie body wa the abdominal aorta, thus causing liyiiertcnsion in He- 
lower extremities and an increased pulsation in the dorsalis pedis. 

The vessel murmur recorded through the esophagus revealed oscilla- 
tions of high frequencies. Sucli a murmur may he produced hy .sfinosh 
of the aortic isthmus, ])ut, in a case of isthmus stenosis, the 
of the arteries in the arm is increased, wliereas that m the leg »■ 
smaller. 
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In our case, a blowing systolic muv.m\u- was licavd over tlic prccorcluun, 
particularly well at the pulmonic area and the base. Tlie roentpno- 
oram and the electrocardiogram revealed no evidence o£ congenital heart 
disease or vascular defects. The hemogram .showed nothing abnormal. 
We concluded that this kind of .systolic murmur had nothing to do with 
heart disease or anemia. In the tracing of tiic sound through the esojih- 
agus at the top of the aortic arch, the vc.ssel murmur showed its maxi- 
mum intensity during the period of outflow of blood fi'om the vcntiiclc. 
This systolic murmur was, we believe, transmitted to the entire pre- 
cordium, and particularly well to the pulmonic area. 


COXCLUSIOX 

An interesting case of thromboangiitis obliterans, with inflammatory 
involvement of the vessels near the aortic arch, is reported. In this case 
a stenosis vessel murmur was found in tiie sound tracings which were 
recorded through the esophagus. For the jnirpose of locating the region 
of stenosis in a vessel, arteriographic examination is indispensable, but 
in a case of angiitis centralis we cannot rely on arteriographic examina- 
tion. In such a case, we believe, the recording of a vessel murmur 
through the esophagus aids in diagnosis. 

The autlior wishes to express Jiis tliank.s to Prof. T. Mushimo, Assist. Prof. 
Maekawa, and Dr. T. Dodo for their helpful criticism and for their n.s.oistnncc in 
preparing this report. 
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ACUTE, LOCAL, VENTRICULAR ISCHEMIA, 
INFARCTION, CAUSED BY DISSECTING 


OR IMPLNDIXc 

aneurysm 


Case Report With Necropsy 


Robert H. Bayley, M.D., axd Louis A. IMonte. M.D. 

New Orleans, La. 

^THE clinical and post-mortem earmarks of .sudden and porinanent 
occlusion (with myocardial infarction) of one of tlic main eoronai'v 
arteries are widely recognized. It is also well known tliat high-grade, 
pei’manent occlusion of one of the main coronary arteries may occur 
without myocardial infarction. In the latter cases it is presumed that 
the rate of occlusion is gradual, so that sufficient time is allowed for the 
development of collaterals. Recently, "Wilson and Johnston' have again 
called attention to certain suh.iective and objective pathologic manife.sta- 
tions in man which they believe arc produced by s]')astic, tempovary 
occlusion of a local division of the coronary arterial tree. They point 
out the similarity of the electrocardiographic changes in these cases to 
those which occur experimentally when one of the large coronary arterial 
branches is temporarily occluded. Ina.smuch as these patients abvays 
recover, there have been no autopsy observatioms. Tlie clinical and ))0.st- 
mortem abnormalities produced in man by rapid and high-grade occlii- 
.sion (without myocardial infarction) of a large coronary branch which is 
otherwise normal have not, as far as Ave know, been inportcd. The casf 
we are presenting is of this variety, and, therefore, is one in which the 
natural eour.se of event.s performed an experiment of a j-ather unusual 
and fundamental kind. Tlic occlu.sion Avas permanent I'ather than 
temporary, and therefore myoeaj-dial infarction might liave been ex- 
pected to folloAV. According to our judgment, the heart showed imiieml- 
ing infarction. Under these eircumstanc&s, tlie fact Unit Ave avcit able 
to obtain timely autopsy obserA’ations is unique. 


case report 

The patient, a white, niaic, pencil salesman, aged 52 years, was lirongtil hy 
ninbulajice and admitted to tlie Mercy llospital-Sonint Memorial. New Orleans. 
Dec. 28. 1040, complaining chiefly of jirwordial pain, weahness, and shorlnes> of 
breath. The onset of symptoms occurred suddenly while the jmtient was sealed in a 
barber’s chair, twenty minutes after luneh. .Shortly after the onset he made tiis way 
to his doctor’s ofiiec, where he received a brief ocamination tmd an inji'efion of 
morjihinc. He was then promptly taken to the hospital. The pri'cordial jiain n.i* 
severe and well localized behind the uiij.er half of the sicrnnai. It did not mdiate 
into any of the oxtreinitic.s and waH partially relieved liy the luorphine. The 
and sweating were marked, and the dyspncii was moderate. Brief ntiusea .and 'oinif 
ing occurred. Upon reaching the hosjiital he eomjilained of a severe uelung pain out 

the right eye. 
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, f far af Ipist <*cvpn VCiirP before the onset of tbe 

resent illness. About tnree >oar _ ^ Approximately two years 


present uiness, ^uuu^ .• 

rielit Itvpocliowlriac region. Slight jaunditc i roeoverv wus un- 

bladder' kease ivns made, but no operation was performed and retOM ry vu . 

eventful. M'itli the exception of occasional palpitation, he had expeneneei no 
symptoms previous to the onset of the present illness, fliere was nothing . 1 ■ 

historv to suggest syphilitic or rheumatic infection. 

The admission examination showed a well-developed and well-nouri.thed man. suj.- 
ported hv two pillow.s and displaying slight cyanosis and moderate dy.-pnea. 
Throbbing of the carotid arterie.s and .slight engorgement of the neck veins were pre.s- 
ent. The cardiac apex impulse was forceful and well localized in tiie fifth intercostn 
space just inside the left midclavicular line. The rhythm was nnrmnl, A loud 
systolic and a moderately loud diastolic murmur were, heard at the norlie urea. 'Ihe 
former was accompanied by a thrill. Similar murmurs had been heard at hi.-' doctor's 
office shortly before admission. However, in spite of repeated previous exnminatmns, 
he liad never been told that he had heart disea.se. Hi.s admission and snbseiimmt blood 
pressure reading.s appear in Table I. The right radial pulse was notaldy similler limn 
the left. The lungs were normal, and the remainder of the examination was likewise 
negative. 

Tari.k T 


B),001) Pl!K.S.SURK RE.UHNOS IN Tltf. ARM.S 


DATE 

ttlOUT ARM 

t.f.tT ARM 

12/28/40 

90/?40 


12/30/40 

U.1/100 


1/ 1/41 

HIO/.OO 


1/ 2/41 

1 124/72 


1/ 4/41 

1 144/90 

i:!t)/S2 

1/ (i/41 

1 128/78 

122/72 

V 7/41 

14,5/90 

i:ir>/S2 

1/10/41 

1(52/90 1 

KM/82 


The red, white, and ditforcntial blood cell counts were normal. Tlie blood Wasser- 
mann reaction was negative. Urinalysis showed a fnicc of albumin and immv hvaline 
t chest, taken with the patient in bed on the third dav 

rieetra V enlargement of (he heart and the aortic, nreh. Serial 

""" ■ 

studies of lip "hin /’ Cie tvenlincss liud vuniBljed. Itenouted 

>»>• F. ..til a”, oil,, fe*"'"" ,“T. »"■> 't-'i” 

appeared to undergo^.slow huf'n gradually became normal. The heart 

cti the fourteenth^day. i pSsfrT'*'’ de.uth 

j-t extinguished a ekreUe a^ -f 

few convulsive movements, after whi'li his ro 1 "' to make a 
« pron;uneed 

_Pre.ssure ^eadffigs^^nTe'JkrJi'ecrin '’ olceri-ocardiogrtuu and the t.dmission blood 
'"•P^iment of blood now -Te lugb-S 









264 : 


AMERIOAK HKART JOL'UXAI. 


mediate diu^os.s of dissecting aneurvsn,. It ivn, further Iivpnthosi/od thnt t1r 
dissecting column of blood had descended within the aortic wall to the n.„t of th.^ 
vessel tlms compressing tl.e first segment of the right coronarv arterv and deformin- 
the aortic valve. Tlie appearance of clinical evidence of either of fhe.‘<e events serves 
to warn of tlie possibility of fatal liemorrliage into the pericardial sac.c Tlic Mood 
pressure readings that were obtained subsequently from the left nnn .seemed to in- 
dicato that the dissection had reached over the arch to the origin of the loft sub- 
clavian artery. The sci-ere pain over the right eye inigM have been additional evi- 
dence of impaired flow tlirougli tbe innominate artery. TJie ab.-^em-e of crytlirocytes 
in the urine and of neurologic symptoms in the lower extrcmitie.s, togetlwr with u 
persistent!}' normal pulsation in the femora? artorie.s, suggested that the dis-^e'tion 
had not entered the abdominal aorta. 



Ftp. 1. — rt. Admission c-Iectrocardioprani, Ijonds I, 11, HI. and IV !•'. from atwve (loivn. 
b, Cur\'c recorded five day.s after tlio o reoordinp. (.See te.et.) 


/tntopsj/. — The ]iericardial cavity was greatly distended, and, wben djimied, t-iiiiilvd 
a gusli of 150 c.c. of blood. The remainder of the large jiericardial cavity was liUed 
with a huge, red, soft, ante-mortem dot, and with a heart that was appareiitly of 
normal size (actually markedly hypertrophied). The free wall of thi'Mcft vcairi'-I'' 
measured 4 cm. in thickno.ss. The valvular measiiroineiits were within' normal limits- 
There was a small atheromatous plaque on the ba.“o of the jiosterior aortic cusp n!iii'!i 
could not have interfered with valve closure. There were two ptirallid. circum- 


ferentially directed, linear tears in the aortic intima; ctich measured alitnii I <'m- 
length and was located about 5 cm. above the aortic ring on the anterior wall. lli“ 
aortic media was split by a dissecting column of blood from the aortic ring to lie 


junction of the arch with the de.^cending portion. In the vicinity of llic aortic ring 
the dissection was limited to the right half of the circumference of the nlor 

it partially surrounded the first segment of the right coronary artery (f 'ft- - / . 

coiumunicated posteriorly with the }>ericardial cavity through tv small Imh’ hi t-i 
ailvcntitia. A fragment of the dot of the dissecting cohinm of blood may b- s-cn 
(Fig. 2) compressing the arterial segment from above and from both sdc-^. The - to-- 
section of the vessel was removed from within the aortic wall; tt showed 
discoverable (inotrensive?) atlioromatous idaquo in the coronary tree. 
tbe di.ssection e.xtcndcd a few centimeters along the imiomumtc, left caret a. 
left subclavian arteries. The dissection of the aortic bran--hcs invohc.l only gar, 
the circumfercjice of flicse ve.-^.^cis, tind was of such nature -e- to tr-'t' 


bavlev AJiD monte: acdte, eocae, venteiooeab ischemia 
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arch the dissection again commnmcated with the aoitie lumen tiiioug. 

’“?r!pite of the apparent closure of the right coronary artery by the di^secti^ 
column of blood, the muscle of the ventricles appeared everywhere normal except f 
hypertrophy. The intimal surface of the abdominal aorta presented >«aitod atl 
sclSrs^^ however, did not extend into the main renal arteries. There ^s a 
fusiform aneurysmal dilatation of the left common iliac artery which ineasuied 4 cm. 
in diameter. The gall bladder was chronically inflamed and a few gallstones were 

present. 



Fig. 2. — Cross section of the right coronary artery as the latter traversed the walls 
of the aorta and the dissecting column of blood within the aortic media. The dark 
area above and on either side of the cross section represents a clotted fragment of 
the dissecting column of blood. The relationship of this clot to the adjacent tissue 
structure indicates the compression effect it produced upon the coronary arterial 
lumen. The white patch at 11 o'clock in the vessel wall is an atheromatous plaque. 
(See text.) 

An-alysis of the Electrocardiogram .- — Inasmuch as the electrocardio- 
graphic interpretation was confirmed liy the anatomic changes, the man- 
ner in whicli this opinion was reached demands consideration. The 
opinion was “marked preponderant liypertrophy of the left ventricle, 
with high-grade impairment of blood flow through the right coronary 
artery, or impending myocardial infarction.” 

In 1934, AVilson, IMacleod, Barker, and Johnston^ devised a new method 
of analyzing the electrocardiogram. Their method consisted of ascertain- 
ing the manifest mean electrical axis of QRS and T from the extremity- 
lead curves by measuring with a planimeter the enlarged areas under the 
curve of QRS and under the curve of T, respeciively. The tivo axes, thus 
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Obtained, are vector quantities, and, ivhen added (bv the jiandlelo.n-ua 
laiy), give a new vector wliicli tlicy called the manifest moan olcorrical 
axis of QRST, or the ventricular gradient. Tlic throe axes are ooii- 
venieiitly denoted by Aq^ir, At, and Aq^st, respectively.* Theoretical 
considerations and considerable experimental evidence likewise led them 
to believe that Aqrs points in the direction in which the accession proee.ss 
travels over the average element of ventricular muscle; that At points in 
the invei'se direction, in which the regression process travels over the 


average element of ventricular muscle; and that Aq^s^t points in the 
direction of a line along which the local variations in the duration of the 
excited state are greate.st. In less technical terms, the ventricular gradi- 
ent may be said to point approximately in a direction toward regions of 
the ventricular muscle in which the average onset of regression is rela- 
tively early, and aivay from regions ivhere the average onset is relatively 
late. We have seen no further comment upon this important study. 
Since its appearance, one of us (R. H. B.) has had ample occa.sion to 
verify the opinion of the authors that [valuable] information, obtainable 
in no other way, may be derived by this method of analysis. In order 
to use the method clinically it became necessary to simplify the technique 
of measurement.-* Direct measurements of the electrocardiogram wore 
made by the use of a good hand lens and di-viders. Additional error is 
inti’oduced which reduces the result to an approximation. Nevertheless, 
as exemplified by the case under discussion, the results have justified tlw 
means. In order to make clinical u.se of the simplified method, it was 
necessai-y to obtain some idea of the direction and magnitude of the 
normal ventricular gradient. A .study directed primarily toward this 
end was undertaken and completed by Baylcy, Holoubck, and Baker, in 


1940.^ They were able to confirm Dr. P. N. Wilson's verbal opinion that 
the noiTual ventricular gradient has a base-apex direction. Their study 
.showed that it was possible to predict (almost as ji rule) the iiositioii 
of the anatomic axis of the ventricular chambers ns a result of tlic 
collinear relation which normally exists between the anatomic axis (de- 
termined roentgenographieally) and the ventricular gradient. Durinir 


the course of their study upon abnormal subjects it was found, among 
other things, that the T-wave elianges which follow myocardial infarefion 
are best described as the result of a clocknvi.se (negative) rotation ot 
Aqi:st with re.spect to the base-apex axis in ‘'anterior,” and a coiintcf- 
cloelvAvise (positive) rotation of Aqust with respect to the has( -‘ijx .v 
axis in “posterior,^' infarction. In .serial curves which disrhirH 
maximal T-wave elianges caused by infarction, they found that Aoc-t 
often pointed in the direction of a line drawn from the center oi the hear 
toward the rigid iliac ere.st in “anterior,” and in the directum m a Unc 
drawn from the same point toward the left shoulder in posterior, m 
farction. Thev observed further that these rotations or tlivcrMon.s m lJU' 


•Th'' .nrrowlicad .^injply Indicalt-F that th«? quaniity l.« a vtcmr n.ia-r 
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^vradient were invariably accompanied by changes in magnitnde. They 
were able to conclude that diversion of the gradient, after infarc ion, 
in so far as it is responsible for most of the T-v’ave change, maj le 
ascribed (as first pointed out by Wilson and oo-workers,-^ and reasserted 
by Sugarman and associates®) to a prolongation of the excited state 
of the muscle in the immediate neighborhood of the infarcted region. 
Bayley, Holoiibek, and Baker attributed these effects to local vmitricular 
ischemia. A corollary of this assertion is that, after infarction, a re- 
version of the ventricular gradient following it.s divension is caused by 
disappearance of ischemia from the muscle immediately surioundiiig the 
infarct, and is, of course, accompanied by the return of the T waves to 
a more normal form. Presumably, the disappearance of the local 
ischemia is the result of establishment in this region of an adeejuate 
collateral circulation. For the purpose of the analysis of the electro- 
cardiogram herein presented, the argument may be extended in the fol- 
lowing manner. 

Let us consider Fig. 3a. The solid zone represents dead, the stippled 
zone, ischemic, and the clear zone, normal, ventricular muscle. Before in- 
farction, but accompanying coronarj’ occlusion, this same region of the 
ventricular muscle may be depicted as shown in Fig. 3h. Here, intense 
ischemia replaces the dead region. It is possible, therefore, that the same 
kind of T-wave changes which occur after infarction might also occur 
shortly before. Theoretically, any differences in the typically abnormal 
form of T wliieh occur immediate!}’- before infarction’, and become ap- 
parent soon (three weeks or more) after it, should he differences in mag- 
nitude rather than kind. This statement neglects the effect on the T wai’e 
(usually slight) of the QRS changes, w’hich, in turn, result from the ab- 
sence during systole of forces previously present in the dead region. One 
of us (R. H. .B.) has observed t}T)ical “coronary” T waves heralding 
infarction on more than one occasion when studying serial curves 
recorded from patients throughout the development of myocardial in- 
farction. 


Approximation of the areas under the curve of QRS and under the 
curve of T in the admission electrocardiogram (Pig. 1) shows that the 
Aqrs (Pig. 3c) has undergone an abnormal positive rotation througli a 
polar angle of 70° from the base-apex axis S of the ventricular muscle ; 
that the magnitude of Aqrs is approximately 74.5 millivolt seconds; that 
At has undergone a like rotation through a polar angle of 124° from B; ; 
that the magnitude of At is approximately 21 millivolt seconds; and that 
Aqrst, haying undergone a considerable growth in magnitude, points in 
t le direction of a line drawn from tlie center of the heart toward the left 
shoulder. The QRS changes (indicated by Aqrs) are interpreted as 
meaning marked preponderant hypertrophy of tlie left ventricle Tlie 
development of this variety of QRS change is often accompanied by a 
giadual negative (clockwise) rotation and groivth of Aqrst ■vvliich'in- 
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dicate, we believe, a concurrent development of chronic isclicmia of il,,. 
free wall of the left vonlricle. The electrocardiograms wliicli typify these 
last-mentioned axial changes are currently regarded as represent inir ‘h-eh 
ative coronary insufficiency. ’ When the negative rotation of Aq,..st that 
indicates chronic ischemia of the free wall of the left ventricle is com- 
pared with its actual position (Fig. 3c), as derived for the curve under 
discussion, it is seen that the direction of the latter is simply the invei-sc 
of that of the former. This rather unusual occurrence was the result, 
we believe, of the presence on admission of high-grade ischemia of the 




Fip. 3.— «. A Uiamaiu of r^ion of ventricular 
cates dead; I, isclicmic; "or'”''* 

imi-sclo in tlie proj)Osed state of impcndinc: ch-itiiliers. Tlif ."liaiC 1 

axc.s aqp.s, At, Xqust. and tlic anatomic axis « of V, An,..T and 0 

zone represents the approximate normal ^ ^ 

collincar or in tlielr normal rel.ationslilp. (.See text.) 

basal, posterior portion of the interventricular septuni and tlic neiL'IiiKU- 
ing diaphragmatic free wall of the left ventricle. In brief, t u 
involved is that ordinarily supplied by the right coronary ' 'j ' ’ 

over, the history of our patient's prc.senl ilinctis .strongl.v sueacs - ■ 

the local ischemia wa.s acute rather than chronic. An(c-n,oncra 
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ot the ttenlc ehavaeler of the have l«'e„ ..hlaii.e.l ..l.ly hv 

a comparison of ll>e curve under cnnsideralion ^villi serial cm u-s .ml( dat- 
ing hospitalization. Unfortunately, no such curves ^vero available. 

The .second elect rocardioirrain (Fiir. 1), recorded on the fin h day afler 
admission, ^vas analyzed by the same method. The addiliona l-uaM> 
changes in the e.Ktremily leads arc apparent on insjieetion. I hey wore 
the mult of partial reversion of Aons-r, and were interpreted as repre- 
senting diminution in the intensity and extent of the acute local iseheima. 
The ehanpes in T., ap])car to be confirmatory, (hiriously enoufjh. a •irail- 
ual rise in the blood pressure in the right arm took place, concurrently. 
Both of the.se local improvements may have been related to some single 
mechanical factor involving the pro.ssure of the dissecting column of 
blood. In any event, we believe that le.ssening of the acute ischemia 
probably played a major role in delaying the develoinnent of a “pos- 
terior” myocardial infarct. 

The Effects on the Muscle of Acute Local Vrntrie.ular Ischemia. --A 
number of blocks of muscle wei-e removed from various j)art.s of the wall 
of the left ventricle for the purpose of micro.scojiit! study, Koiiliiie 
tissue .staims, as well as staijis for fat. .showed no differences from one 
region to another. All of the myocardial changes could be ascribed to 
hypertrophy. The objective effects of acute local myocardial i.scheniia 
in man are, as experimental studies suggest, detectable only by the 
electrocardiogram. 

The electrocardiograms herein presented dis))lay l'-wav(! changes 
(cau.sed by gradient rotation) which are etiologically related to those in 
tracings demonstrated recently by Wilson and dohnston.’ Their curves 
were recorded froili 'five ])atients with aiigina ])ectoris, and difuu- fumla- 
mentally from ours by displaying QBB and IbS-T junction changes. Ad- 
ditional changes of this kind arc related to acute local ventricular 
i.schemia, but arc not, strictly .speaking, ])art of it. On this ])oint, wc; 
believe, we are in complete agreement with them. They called attention 
to the independent variation in magnitude and duration of acute local 
ischemia, on the one hand, and pain (or .subjective changes), on the other. 
We believe that there is a .similar and striking correlation in our case. 
The pain our patient experienced was typical of that which ordijiarilv 
occurs with the onset of di.ssecting aneurysm. As ])ointed out elsewhere, - 
it appears to, be related to r.apid dis.section of the aoidic wall. ^Moreover, 
the pain in our ease had vani.shed by the second day afler onset, whereas 
local ..yentricular ischemia exi.sted for five days at least (elect I'ocai'dio- 
grapliie evidence) or for fourteen days (autopsy evidence). Wilson and 
Johnston believed that the pain in their cases wa.s of arterial origin 
(spasm). In our case there was presumably no coronarv .spasm, but 
rather a local mechanical compression. AVe are, therefore, inclined to 
believe that our patient, e.xperienecd no pain of cardiac origin. Aside 
from the evidence which this case adds to theirs, the T-wave changes that 
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occur immediately before, and pei-sist for a variable, but often time 
after, mjoeardial infarction are ample evidence that local ventricular 
ischemia cannot be safely regarded as evidence of the ooounonce of 

cardiac or coronar.- pain. However, recent opinion has rc-emphasired 
the contrary.® 


summary akd coxclusioxs 

1. A ease is presented in which a dissecting aneurysm led iminediatcly 
to the production of acute local myocardial iscliemia by direct compri^- 
sion of the first segment of the right eoronaiy artery. The aneurysm, the 
local myocardial ischemia, and the nature of it.s production were dim:- 
nosed before death. The autopsy observations arc discussed. 

2. The diagnosis depended, to a considerable extent, upon the elcetro- 
cardiographie interpretation. The latter was reached i)y a metlmd of 
analysis described in 1934 by "Wilson and co-workci's’ ; tliis metliod lias 
received little or no comment in the literature, hut is one uhich. on 
simplification and extension, we believe to be of great clinical usefulnc-Ss-. 
Using the simplified method, the electrocardiograms herein pre.sented arc 
analyzed. 

3. As anticipated, acute local ventricular iscliemia of sufilcient in- 
tensity to produce .striking T-wave change.s of a kind similar to tiiosc 
that occur in connection with m.vocardial infarction and last for days or 
even weeks may he accompanied by no structural changes in the myo- 
cardiuni, and is, more often than not, iwassociaicd directly with cardtrn' 
or coronary pain. 


^Y■e wish to thank Dr. C. F. Belione for permission to report the rase, and Dr. J. I.’. 
Schenken and Dr. G. H. Hauser for (heir kind cooperation in (lie preparation of fl'.r 
autopsy material. 
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Selected Abstracts 


Harris A. Sidney, and Moe, Gordon K.: Idtovcntricuiar mylhms and 

Induced at the Anode or the Cathode by Direct Currents of Lour Duration. 

Am. .T. Pliy.siol. 13G: .‘ilS, 

A motliod for uindyiiiR currout.s conl.olied ns to poinriiy and tnie of flow to tU<- 
mammnliun ventricle ‘is descril»e<l. liesluuises from i.rncticnlly the wliole vnilncu. 
]ar surface were .sainiiled by recording frotn three local areas simnltanemiHly and 
clmngiuK the positions of the riding contiguons electrode lend.** from nine to time. 

Currents, sulithreshold for cxtrnsy.-tides, conld give rise t« several kinds of 
changes in the record: 1, "on” and "oil” .shifts of the base tine 11)1011 closing 
and opening the circuit re.speetively; 2. inllectioiis and changes of level associated 
with the phases of muscular activity. The amoiiiit of dis]>lacemeiil of the baselin.- 
was icduced during systole, restored to maximal during diastole. After ruling out 
contact artifacts these features were attribiiled to comliictivity ciianges a«so- 
ciivted with contraction and relaxation. 

Both aiiodal and eattiodnl polurizution give rise to oscillating ])Otentiiils not 
associated with the jihases of the cardiac cycle. 'I'he periods of the (l^l•iliatio!ls 
wore near 40 and 80 msec. Cutliodnlly ]>roibiced oscillations are higher and nre 
likely to be of the higher frequency (25 cycles jier sec., 40 msec, jieriod). 

The idioventricular bout tiircshold was lower for ciilliodal jmlarizalion tbivn for 
anodal, but the anodal thre.shold for fibrillation is tlie lower. Tlie anode is pre- 
(iiuincntly elTective in producing filirillatiou. With equal apjdications of currents 
near fibrillation thre.sliold 00 per cent, of all fibrillations were of anodal origin. 

Cathodal polarization of suitable intensity usually jitodnccs a taeyeardiu of reg- 
ularly spaced idioventricular beat.s, while anodal jiolarization jirndiiees chnraeter- 
istically irregular rliythni.s. The point of origin of of tlio discharges ujijiears to bo 
more constant in anodal polarization. In all eases of librillation resulting from 
polarizing currents induction is via an neceleraling .series of discharges from the 
region of the polarizing electrode. 

In the discussion, findings from studies on <‘.\eitation and simnluneous rhylhmicify 
in nerve and muscle are considered and correlated with (he observations on fibril- 
lation. Absence of, or a low rate of accomniodatioii iijqieiir.s 10 bo the condition 
e-ssential to spontaneous rhythniicity and imiltijde. discharges in res|)oiise to a 
Single excitation. The |)robublc ii.s.«ocialion of the reduction of neeommodiition by 
anodal polarization with the great effectiveness of the anode in the iiroduction of 
fibrillation IS pointed out. Direct anodal effects of locally reducing the conduction 

rate and reducing the refractory period are considered ‘and assigned a contribut- 
ing role. 

ArTiioa.s. 

^ of Significant Contributions M.adc 

uunng 1941. Arch. Int. Med. 70: ito.'i, 1.942. 

of the literature on cardiology. There is an 
lory astLTm ‘0 mMiroeireiila. 


*Sec Corrigendum, p. 28.H. 


McCui.uh’ii. 
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redorov, N. ^ and Shur, E. L: The Eole of the Viscera in Eegidating tie Teni. 

perature of the Body of an Animal Under Physiologic and Pathologic ConS- 

tions. Am. J. Physiol. 137: 30, 1942. 

Thermogenesis in the viscera (liver and intestines) ^vas studied in nornml. arti- 
ficially cooled and heated animals, as well as during febrile states caused bv 
homogeneous and heterogeneous blood transfusions. 

The e.vperiments were made on angiostomized dogs with cannulas in the ix.rtal 
and hepatic veins; in each animal the rectal temperature and the teinjterature of 
the blood in the abdominal aorta and the portal and hepatic veins were nicasuroil. 

The thermoelectric method used throughout the experiments detected change- 
in temperature with sutScient accuracy and made it possible to study therniotoiH)^. 
raphy in the organism. 

In normal fasting dogs the lowest temperature of the blood was found in the 
aorta and the highest in the hepatic vein. 

The experiments have shown important thcrmogencsis in the intestines. 

When the animals were cooled by the application of ice to the .«kin, the differ- 
ence in temperature between the blood in the hepatic and the portal veins in- 
creased, i.e., there was a rise in hepatic heat production (three to .six times the 
original level), providing the blood flow was accelerated; when the animal was 
overheated, the reverse took place. 

Homogeneous blood transfusion did not bring about noticeable changes in thermo- 
genesis in the lii'er and the intestines, despite a systemic rise in temperature. 

The febrile state caused by heterogeneous transfusion is accompanied by a 
noticeable increase in thermogenesis in the liver and intestines. A comparative 
study of the hemodynamic variations has shown that the increase in hepatic aiu! 
intestinal thermogenesis cannot be explained by the influence of circulatory factors. 

After anaphylactic shock, the same changes were observed as in the case of 
heterogeneous transfusion, but the variations in temperature were much greater, 
especially with respect to the intestines. 

The increase in visceral thermogenesis proceeds parallel to the systemic tem- 
perature reaction, i.e., the liver and the intestines participate in determining the 
febrile process accompanying the transfusion of foreign blood. 

The use of the method of E, I. London for studying visceral thermogonesi'' in 
angiostomized dogs considerably widens the sphere of its apjilication and jiromiscs 
to give results of great practical and theoretic interest. 

.•VtrTitoi-.s. 


Hsu, S-H, Hwang, K.., and Chu, H-N.t A Study of the Cardiovascular Changes 

Induced by Stimulation of the Motor Cortex in Dogs. .\m. .1. I'hysinl. 137: 

46S, 3942. 

By stimulation of the motor focal points on the sigmoid gyrus of the dog am— 
thetized with chloralosc, there is always a fall of blood pressure. The depr.— or 
effect thus produced is alw.ays as.«ociated with the muscul.-ir movement in non- 
curarized animals, but the production of the former is not dependent on the hitfer. 

The intensity of the depressor effect evoked from the cortical stimulation in 
dogs is determined by tlie strength of the stimulating current and by the parfin:- 

lar motor focal point that is stimulated. <- ,t.,. 

The heart rate is usually increased about 20 jier cent on stimul.-itum o. 
motor area in dog.s, but the' change of the heart rate is not a casual fm-tor in tm' 
depressor effect, since the latter is not influenced or abolished by .‘•■•ction o 

The rospiratorv movements are u.«ually decreased in amplitude and in 
ill number, and o'ccasionally apnea may occur .luring corti.-al , 

The renal volume i.= alw.ays increased nccoini.anying the faU or i.foo-! r- ^ ^ ^ 
following cortical stimulation. Vasodilation of the viscera! organ.^ j'- pr'' •* 
the cause of the depressor effect. 



abstkacts 


69: 1010, 1942. 

The cfTect of reduction in weight on the oxygen cons«,u,Uiou, ].ulse rale Blood 
pressure, cardiac output and cardiac work was .studied in five normal overu eight Mil.- 
lets who were placed on a 1,200 caloric diet. The modified Orollman acetylene 
method and the IVet/.ler-Boeger physical method were used to determine the .•ardme^ 
output Loss of weight was accompanied hy an average drop of It. per cent in 
oxygen consumption, an average increase of 24 per cent in the nrlerinvenm.s oxygen 
difference, and an average drop of 30 per cent in the cardiac output. T hc.^c < i.ingi s 
were accompanied by slowing of tiic pulse rate and slight lowering of tlic Mood 
pressure. Since cardiac work is a function of cardiac output nnd mean nrtonnl ]ircs- 
siire, it was calculated that the low caloric intake and the reduction in weight it- 
•suited in a distinct diminution in the work of the heart (average, per cent). This 
is of great henofit to overweight persons, in whom tlic cardiac work is increased, and 
is of particular importance in tlie treatment of patients witii lioarl disease, whose 
cardiac reserve is diminished and wlio are barely able to romiiensnte for any ad- 
ditional strain. AiniKiias. 


Sigler, L. H.; The Hyperactive Cardioinhibitory Carotid-Sinu.'; Eeflex as an Aid 
in the Diagnosis of Coronary Disease: Its Value Compared With That of the 
Electrocardiogram. New England .L Itf. 226; 40, 1942. 

A comparative study is prc-'cntcd of the incidence of a liyperactive eardioiii- 
hibitorj' carotid-sinus reflex and of cicctrocurdiographic abnormalities in a series of 
107.. discs, largely ambulatory, of coronary di.sca.se. It wa.« found that 91.3 pi-r 
cent of the men and 72.6 per cent of the women in Ihis scric.s showed the enrdioin- 
hibitory response, whereas only 03 per cent of Ihc men nnd 71.9 per cent of the 
women showed abnormalities in the electrocardiogram. High degrec.s of eardio- 
inhibitory response, which arc definitely abnormul, occurred in 01. S per cent of the 
males and 42,9 per cent of the fcmale.s. Marked electrocardiographic nlmormalities 
occurred in only 37.4 per cent of the m.nles nnd in 40 per cent of the females. 

It is hclicvcd that the hj-pcractivc cardioinhibitory carotid-.sinus reflex mnv h(> 
used as an aid in the diagnosis of coronary di.sea.se in persons of the coronary age 
who present suspicious complaints. As such, it is often of greater vnhie thun tlie 
electrocardiogram and will suggest the eorrcetne.ss of the diagnosis when the electro- 
cardiogram may he entirely mi.sloading. 

The explanation for the frequency of the hyperactive reflex in coronary disease 
is at the present state of knowledge purely theoretical. It may be due to local 
ischemia in the heart, which lowers the resistance in the vagal ganglions nnd in 
the myoneural .-junctions, or which produces some eheniical ehaiiges that sen.sitizc 
tlio vagus nerves locally. 

AuTiior.R. 


Eangendorf, E., and Kovitz, B,: Acute Myocardial Infarction Without Deviation 
of the S-T Segment in the Electrocardiogram. Am. .T. 3.1. Sc. 204: 2.39, 1942. 

A case is reported with recent mj-ocardial infarction, proven at luiton.sy, in 
which elevation of the .S-T segment was nbsent in the eloctrocnrdiogrnin taken 
during the acute stage. The absence of involvement of tlie .subepicardial mvo- 
lal 'rclorT'' «o«sidcrcd ns the possible cau.se for the al.r-j.. 

also infarction with delayed electrocardiograi.hic .sign.s 

. so may repre.sent .sucii cases of infarction of the subendocardial lilers willioiif 
■nvolyement of the subepicardial laycr.s of the .nyoeardiuTn. 


AUTitor.. 
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EoblD, R. C., and Robb, J. S.: 
of One or Both Ventricles. 


Experimental Bundle Branch Block After Ablation 
Am. J. M. Sc. 20i: Si;?. 1042 . 


In order to record a QPS-T complex, llic pre.-^ence of the “free'’ (i.e.. iionseiiiali 
walls of cither (or both) right or left ventricle.s i.x unnece.'s.sarv. 

Not even the right side of the septum depends entirely for it.s excitatioti ..t, 
conduction pathways which first reach the papillary muscles at the apices and 
then turn back. It contracts with a normal S-A rhythm when such pathways are 
interrupted by the total ablation of the “free” portions of both right and left 
ventricles, i.e., impulses arc conducted from the main branches directly to the 
septum. 

These experiments have not proven definitely whether the electrocardiograms 
recorded from the isolated septum arc due to excitation of the .septal muscle alone 
or whether action currents passing in the right and left branches (whose peripli- 
eral expansions were amputated) also produce some cITcct. 

Not only does electrical activity of the free wall of each ventricle atTect the 
electrocardiogram, but various portions of each wall have a characteristic effect. 

These experiments do not support the theory that an electrocardiogram is sum- 
mation of only one dextro- and one levocardiogram. 

That the amplitude of deflections increases when the contact surface of the 
heart diminishes suggests that normally there is considerable neutrnlizatioa of 
current. 

So-called “axis deviation” appears when less rather than more of a given 
ventricle is present. Hence it appears to be due to loss of electrical components, 
with consequent change in the algebraic sum. 

Laboratory animals, dogs, cats and rabbits, conform to the newer or Amorienn 
terminology for bundle branch block; i.e., when the right side of tlic heart is 
anatomically and functionally absent, there is a deep wide S, and a tall wide 
QRSj. The reverse is true for anatomic and functional absence of the whole left 
ventricle. 

AUTilon-s. 


Sabathid, L. G., Gaspary, F., and Voogd, M.: Complete Aurlculovcntrlcular Block 
and Auscultablc Auricular Flutter With Phonocardiographic Registration. Rev. 
argent, de cardiol. 9: fil, 19-12. 

A case of auscultablc auricular flutter and auriculovcntricular block witli auric- 
ular flutter is presented in which the diagnosis was made clinically. 

The frequency of this combination, its clinical diagnosis and the proiiabie origin 
of the auricular sounds in flutter are discussed. 

At-Tiior.s. 


Danelius, G.: Absence of the Hilar Shadow. A Diagnostic Sign in Rare Congenital 
Cardiac Malformations (Tnincus Arteriosus Solitarius With Hetcrotopfc Pulmo- 
nary Blood Supply). Am. .T. Roentgenol. 47: 870, 1912. 


A ca.se of right-.sided tnincus aorticus solitarius with hcferoloidc pulmonary 
blood siipplv is analyzed anatomically and rocntgenographically. The absence 
the hilar shadow in the roentgenogram is explained through the absmice or o 
marked underdevelopment of the right and left pulmonary artery. lOe p 
nary circulation in these cases is maintained through the p.tltat » i. a I ^ 
Bot'allo’s duct, through supernumerary bronchial arteric.s or D.rough a ^ 

a subclavian urterv. The roentgen diagnosi.s of thi.s condition can ic ma< ■ - 

.-tbsence of the liilnr shadows is associated with a deep depression at 1 - 

the pulmonary conus. Wit.r.i.ufs. 



^MJSTKACTS 


OoldtegU, H. L.. E»t, S., new, M. M.: Acute Buclerlut Endecurd.tle .r 

the Tricuspid Valve. Am. .T. lil. Sc. 204: ,510, 1042. 

The relative incidence of nculo bnctcriul endocarditis of the tricuspid vulvc 
was considered. In 20,007 necropsies, 640 case.s of acute Imcicnal ondocarM is 
occurred. The mitral valve alone was involved in 47.0 ).cr <-nt eases the aortic 
valve alone in 25.4 per cent, and the tricusiiid alone in :i.l Jicr cent. Invcdvemeiit 
of the right side of the heart whether alone or in coinhination with other valve 

lesions, was found in 8.2 per cent cases. . . . , , 

Twenty cases in which the endocarditis was restricted to the tricuspid valve 
were studied. Of these 20 cases, nine were due to the pneumococcus. The imeii- 
niococciis i.s more apt to produce right-sided acute bacterial endneardilis, for nine 
(14.5 per cent) of 02 cases of pneuinococcic. endocarditis were restricted to the 
tricuspid valve as contrasted to the 3 per cent of 010 rases iiicntinncd ahnv('. 

Emphasis is placed upon the luck of diagnostic nuscultntory findings in acute 
tricuspid bacterial endocarditis. In but eight of the twenty cases was mention 
made of any nuirmnr being heard, and in none of these was the innrmiir found 
over the tricuspid area. 


Galvin, L. F.; The Virginia Program for Children With Rhcimiatic Fever. 'J'lie 
Child 6: 164, 1942. 

The author describes briefly the activities of the Children’s Bureau through Fed- 
eral aid for cardiac children as a part of the application of the Crippled Children’." 
Act. The state program in Virginia i.« well organized and may serve a." an example 
to other states. 

MrCn.i.(a'ii. 


Bakov, H. L., and Taylor, J. S.; Acute Disseminated Lupus Erythematosus, With- 
out Cutaneous Manifestations and With Heretofore Dndoscribed Pnlmonarj' 
Lesions. Arch. Int. Med. 70; SS, 1942. 

A consideration of the complex clinical inaiiifc.stations of lupus crythemutosus 
disseminatus is combined with tlie report of a case in which tlic putient exhibited 
pronounced pulmonary sigms and lesions but showed no cutaneous eruptions at 
any time. 

ATJTIIOI’.S. 


Schroeder, H. A.: Studies on “Essential” Hypertemsion. IV. Early Arterial Hy- 
pertension. Am. J. Jr. .Sc. 204: 02, 1042. 

Fifty patients exhibiting .slight elevation of the blood pressure were studied 
with a view to ascertaining flic varieties of clinical disturbance. Thirty-seven 
were found to be sutrering from various diseases of the kidneys, and 11 other." 
from dysfunctions of the nervous system. In addition, every patient exliihilcd 
nervous tension of some degree. In n few cases' the onset of liyperten.sion was 
associated with a definite phy.sical or p.sycliologic disturlmnce. ft is iirohnhle in 
the tight of this experience that arterial hypertension is the result of a numhor of 
tactors, differing in different individuals. 

.\t:Tiioi:. 

SiffnMcance of Electrocardiographic Changes 
« Malignant Hypertension, j. Lab. & Clin. Jfed. 27: 1150 l-)4>’ 
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occurred after tlie third decade was reached, while none occurred over 50 years of 
age. This indicates that the electrocardiogram is a reliable guide in following the 
progress of malignant hj^iertension and has some prognostic value. Senile de- 
generative changes, which ma 5 ' modifj’ its usefulness, have not appeared. It is 
evident that the characteristic changes observed in this series are due solely to 
the effect of malignant hypertension on the heart. 

Authors. 

Thomas, C. B.: Experimental Hypertension From Section of Moderator Nerves; 

Relationship to Presence of Kidney Tissue. Proc. Soc. Exper. Biol. & Med. 

48: 24, 1941. 

The author attempted to establish by means of acute experiments whether 
antiotonin plays a role in the hypertension resulting from moderator nerve sec- 
tion. The results indicate that removal of both kidneys does not prevent the 
immediate appearance of a pressor response to moderator nerve section. It would 
seem that circulating pressor substances arising from the kidney are not demon- 
strabty important in the production of acute neurogenic hjqpertension. 

IvERSHBAUir. 

Megihow, E. S., Katz, L. N., and Eodbard, S.: The Mechanism of Arterial Hyper- 
tension in Experimental Hydronephrosis. Am. J. M. Sc. 204: 340, 1942. 

Complete unilateral ureteral occlusion in uninephrectomized dogs and complete 
bilateral ureteral occlusion are followed by a rise in the systemic arterial blood 
pressure which persists until the animals die of uremia. 

Partial bilateral and complete or partial unilateral ureteral occlusion are fol- 
lowed bj' a transient elevation of the arterial blood pressure. 

The addition of unilateral hydronephrosis to contralateral renal ischemia inten- 
sifies any tendency to hypertension. This indicates that the hydronephrotic kidney 
is actively concerned in the genesis and maintenance of arterial hypertension. 

Evidence is presented that this mechanism is twofold, in that ischemia and destruc- 
tion of normal renal tissue probably proceed simultaneously in the same kidney, the 
initiating factor being a rise in ureteral and intratubular pressure. 

An explanation is offered for the occasional occurrence of normotension and renal 
excretory insufficiency observed in liydronephrosis. 

Authors. 

Foa, P. P., Foa, N. L., and Peet, M. M.: Effect of Pregnancy on Experimental 

Eenal Hypertension in Eats. Am. J. M. Sc. 204: 350, 1942. 

The normal systolic blood pressure of the young adult albino rat was found to 
average 85 mm. Hg (60 to 130). It is slightty lower during the summer. 

Ether anesthesia has no appreciable effect on the systolic blood pressure of 
normal rats. 

Systolic blood pressure in rats does not change significantly during normal 
pregnancy. 

Hypertension of several months’ duration can be produced in rats by con- 
stricting one renal artery u-ithout damage to the general health of the animal. 

The systolic blood pressure of rats with hypertension due to the constriction of 
one renal artery is sharply reduced during pregnancy from an average maximum 
of 174 to an average minimum of 103 mm. Hg. 

After delivery the systolic blood pressure again rises to hj-pertensive levels, 
reaching an average of 180 mm. Hg. 

Constriction of the renal artery of pregnant rats is followed by rapid decline 
and death. Hj^ertension may or may not occur. 
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Tiic influence of pregnancy on experimental renal hypertension in rats is dis- 
cussed. It is suggested that the drop in blood pressure might be due to an en- 
docrine mechanism. 

■ • - : Authors. 

Saxton, J. A., Jr.: Elastic Properties of the Rabbit Aorta in Relation to Age. 

Arch. Path. 34: 262, 1942. 

A study has been made of the elastic properties and morphologic character of 
the rabbit aorta at different ages (6 months to 5 years) and at three levels 
(upper, middle and lower regions of the descending thoracic portion). Segments 
(rings) of aorta, cut !) mm. in length, from the three levels were subjected to 
increasing loads up to ISO Gm., and changes in their circumferences with and 
without loads were measured. Prom these measurements ratios of extension to 
original circumference, retraction to extended circumference and increase in cir- 
cumference after unloading to original circumference were calculated. These 
ratios were compared graphically and as v.alues of moduli at corresponding stresses 
in relation to age and to the level from which the segments were taken. 

With advance in age the rabbit aorta becomes more extensible, shown bj’ in- 
creasing values of the ratio of extension to original circumference and by decreas- 
ing values of Young's modulus at corresponding loads. 

At the maximum load used the ratio of extension to original circumference 
was 124 per cent at 6 months and 152 per cent at 5 years. 

No change in the capacity to retract after extension, expressed as the ratio of 
retraction to extended circumference, was observed in relation to age. At the 
maximum load used this ratio varied between 50 and 55 per cent. 

With advance in age the rabbit aorta becomes less able to return to its original 
circumference after stretching, evidenced by increasing values of the ratio of 
increase in circumference after unloading the maximum load to original circum- 
ference (from 6 per cent at 6 months to 24 per cent at 5 years) and by decreasing 
values of the modulus for this relation at corresponding loads. 

With advance in age the smooth muscle of the media is gradually replaced by 
collagenous tissue and there is an increase in fine elastic fibrils between the elastic 
membranes. The aortas of old rabbits, judged by measurements and by the wavi- 
ness of the elastic membranes, appear slightlj' contracted in their post-mortem 
state as compared with aortas of young rabbits, and these dilTerences maj- be 
associated with dilTerences in the elastic properties. 

Tlic upper portions of the aorta were capable of more extension and retraction 
than the lower portions under comparable conditions. 

The observed changes in elastic properties suggest that the rabbit aorta, in 
contrast to the human aorta, does not age so rapidly as compared with other 
organs and is still a relativel}' young structure at the end of the life span. 

Author. 

Chapman, E. M., and Asmussen, E.: On the Occurrence of Dyspnea, Dizziness, and 

Precordial Distress Occasioned by the Pooling of Blood in Varicose Veins. 

.T. Clin. Investigation 21: 393, 1942. 

The authors believe that undue fatigue, shortness of breath, dizziness, fainting, 
and precordial distress may be occasioned by pooling of blood in varicose veins. 
These clinical investigations offer evidence that the circulatory efficiency is de- 
creased by such extensive pooling and that removal of this peripheral blood 
reservoir restores the hemodynamics of the subjects toward normal and relieves 
their symptoms. 


Authors. 
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Wolf-Heidegger, G.: Concerning the Finding of Valves 
Intestine. Cardiologia 5; 359, 1941. 


in the Veins of the Small 


Valves were able to be demonstrated in the veins of the small intestine of various 
small mammals (dog, cat, rabbit, rat, mouse). 

Of the lands of animal examined, the dog and the cat possess the most and largest 
vein valves. Age differences were not observed. 

Vein valves are present in the first extraintestinal portion of the mesenteric veins 
in the immediate vicinity of the mesenteric border, in the large veins perforating 
the muscular layers and in the vein system of the lamina interniuscularis. 

The importance of these valves is discussed. 


Author. 


Hertzman, A. B., and Roth, L. W.: The Absence of Vasoconstrictor Reflexes in 

the Forehead Circulation. Effects of Cold. Am. J. Physiol. 136: 692, 1942. 

The absence of vasoconstrictor reflexes in the forehead is demonstrated by the 
following evidence; 

The spontaneous rhythmic constrictions of vasomotor origin in the finger of the 
resting .subject arc absent from the forehead. 

The vasoconstrictor reflexes elicited by startle, awakening, a deep breath, • im- 
mersion of the hand in ice water or local cold to the forehead are wholly absent in 
the latter. 

The vascular reactions of the forehead .skin to local cold are like those of a sym- 
pathectomizcd digit. Constriction is gradual as the temperature of the skin falls and 
seems to be due to the direct effects of cold on the vessels. 

The reactive dilatation to cold which occurs in the fingers, was not observed in ■ 
the forehead skin. 

Occasionally, there was indication of a vasodilator reflex in the forehead skin 
at the time of a powerful constriction in the finger. 

Authors. 


Gregg, D. E., Shipley, R. E., Eckstein, B. W., Botta, A., and Weam, J. T.: Meas- 
urement of Mean Blood Flow in Arteries and Veins by Means of the Botameter. 
Proc. Soc. Exper. Biol. & Med. 49: 267, 1942. 

The rotameter has been adapted to the measurement of mean blood flows in 
arteries and veins and also in cardiac input. A description of the apparatus is 
given and the proper methods of its use, sources of error and procedures for cali- 
bration are discussed. Typical records are shown. Tests indicate that in routine 
use the instrument will measure blood flow with an error of less than 10 per cent. 
An advantage over other methods of mensuniig blood flow is that the experi- 
menter can determine at a glance the moment to moment flow during the time 
that flow is actually being measured. 

WlLtilAMS. 


Davis, H. A., and Eaton, A. G.: Comparative Effects of Horse Serum, Horse 

Serum Albumin and Horse Serum Globulin in Experimental Shock. Proc. Soc. 

Exper. Biol. & Med. 49: 359, 1942. 

The experiments were conducted on dogs under light ether anesthesia. Shock 
was produced by graded hemorrhage from the carotid artery. The sera were 
administered by gravity, through a cannula inserted into the right femora vem 
in amounts equal to the quantity of blood removed. The administration of whole 
serum caused a rise in blood pressure wdiicli was maintained and 
covered. Mild dyspnea was observed for a short time ® ^ 

The administration of serum globulin caused marked dyspnea. Th 
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^vWck -^urvivcl slunvcl nio.lorntc viP<« in i-l.m.l l-r-.-sur.. tUo u.j. 

but '^verc .iok an.l listlcs for sovotnl auyH. Tin- fourtb Oou ‘ 
niter tbe in^oction nn<l niit(.v?y reventea suboutnn.'ous, Hil.I.lenrul, . ) • 

epicnrAiul nn.f sulKMxloonrainl he.norrbnf-os, n ro«K«'^te,l l.vor nn-l » ......irarlMl 

ilecn The aaministmtion of i^erum aH.nmin rosnit.-a in u nse of (.re-nr- 

to almoFl tiio initial level rvhlcb n.aintnine.l, ami nil <'f the an.aials ree.nere.l 
rvithout nfter cfl-eet!^. Hors^o serum albumin ami serum j:!<>l.ul.n afTe-i rloi;s ... a 
manner <=imilar to bovine serum ull.un.ir. arnl serum ^'lobulin, while horse se...... 

is less toxic than bovine serum. Tt is suKttesie.l that some .suhslanee in whole 
horse <eruni i.ossiblv serum albumin, teu.ls to .liminisb the toxicity of the ulobulin. 

IV.r.t tAtf.*;. 


De Govrtn, E. L., Harris, J. E., ami Bell, J.: Kates of llcntolysi.s In Human Blood 
Stored iu Dextrose Solutions and in Other Mixtures. I’roc. .‘^oc. l-.xj-er. lliol. ,V 
Med. 49; 4S1, 1942. 

Hemolysis duriut' storutre .it 2° is mmhedly iiihihite.l by lh<- ii/hlitinn of 
dextrose to Iilood-eitrale mixture.s. Maxinnil inhibition of bemolysis is oblained 
with a final concentration of dextrose of njiproxiinalely per ce.it and this tnix- 
ture permits the safe storajic of blood for about tli.rty days. Sucrose is not so 
cfTective as dextrose, and XaCi and Ixf'l increase tbe rate of he/uolysi.s. 

Wll.l.lAM:;. 


Leinoflf, H. D.: Acute Coronary Thrombosis in Indti.stry; I. Direct Xonpenctmt- 

inff Injuries, With Report of Cases. Areh. lut. Med. 70: 19 !2. 

Direct iioiipenetratii.;' injury of the ebest eau produce noiifnlal disabling heart 

damage. 

The resuifing disability is dtu' to a eonibiiiation of .structural and functional 
changes. 

The clinical picture is that of an acute pathologie eondition of the heart and 
closely resembles that of coronary occlusion, from whicl. it is difTereiiti.ited by 
tbe lii.story. 

The history is the most iini.orlant single f.ietor in deterniiiiing I'liiisal ri-hlJoii 
and the subsequent degree of disal.ility. 

The clcctrocardiogra]diic studies are imj.ortaut ...id usually show clmi.ges asso- 
ciated witli acute le.sioas. 

Thi.s clinical syiidrottie should be considered in the jitesiMiee of !\nv iniurv of 
the chest. 

AUTHO!’.. 


Scherf, D., and McGavack, T. H.; The Estrogcn-Llkc Action of Dcsoxycorti- 
costerone Acetate Upon the Altered Electrocardiogram Seen In Varioti.s Hj^jo- 
Ovarian States. Am. .7. M. ,Sc. 204: 41, 1.012. 

fji.x women will, clinical jnaiiife.stntioii.s of hypo-oi-ariauism and (•lectrocanlio- 
graphic cluinges, tj’pical of such a .state, have been de.scrihed. 

llie influence of dosox.vcorticostcrone acetate and ovarian foliicuhir hormone on 
tic clinical and electrocardiographic disturbances present iu each •! of these has 
been recorded and evaluated. In 2 additional individuals, clmngos followimr the :.d- 
mimstration of desoxycorticosteronc acetate liave boon noted. 

In each of the 4 patients to wliom administered, estrogens returned tlie previoi.slv 
altered electrocardiogram to normal. Total do.s.ages aoeessa. v for this elTeet varied 
from 14,000 to .00,000 international nnil.s. 

tholfr electrocardingram reverted to nornml under 

he influence of doso.xycorticosferoiie acetate in total doses of .'lO mg to (!0 imr The 
response was equivalent in kind and in degree to that observed fdloJingrS.o mb 
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nnmstratioa of ovarian follicular hormone, provided proper dosages were emploved. 

Possible explanations of this action of desoxycorticosterone acetate upon the hkart 
ai'e discussed. Among these must be included a direct action by way of blood vessels 
and blood and tissue electrolytes, and an indirect action by way of other endocrine 
glands, notably the pituitary and the gonads. 

Authors. 

Ziskin, T., and Dumas, A. G.: Observations on the Electrocardiogram in Epilepsy 

and Comparison With Electrocardiogram in Seizures Pollowing Convulsant Drug 

Therapy, J. Lab. & Clin. hied. 27: 1249, 1942. 

Tlie electrocardiographic findings which the authors observed during and after 
epileptic seizures tend to show that cardiovascular changes occur following epileptic 
seizures, and that these changes are part of circulatory changes throughout the body. 
As a result of this, and from the experimental and clinical observations of other 
workers, the supposition is made that the epileptic seizures are due to a cerebral 
anoxemia resulting from an ischemia of the brain following vasoconstriction. This is 
probably the result of an electrochemical change and adrenalin-like action on the 
cerebral vessels. 

After comparing their findings with tliose of otlier workers wlio studied the electro- 
cardiographic changes following seizures after convulsant drug therapy, they con- 
clude that the physiologic changes during and after conmlsive seizures from excitant 
drugs are the same as those due to epilepsj*; also that the extrinsic factors, such ns 
insulin shock and metrazol, pi-obably produce a similar adrenalin-like reaction as the 
intrinsic factor which brings on the cerebral ischemia and anoxemia in epileptic 
seizures. , 

Authors. 

Futcher, P, H., and Schroeder, H. A.: Studies on Congestive Heart Failure. II. 

Impaired Eenal Excretion of Sodium Chloride. Am. J. M. Sc. 204; 52, 1942. 

In 4 patients convalescent from severe congestive heart failure there was 
found an impairment of the ability of the kidney to excrete sodium and chloride 
(as compared to 2 subjects without heart disease), wdien the concentration of these 
ions in the serum was experimentally elevated above normal. 

Mercurial diuretics increased tiie excretion of sodium and chloride by the.«e same 
subjects. 

Authors. 


Hartwell, A. S., Burrett, J. E., Graybiel, A., and White, P. D,: The Effect of Exer- 
cise and of Four Commonly Used Drugs on the Normal Human Electrocardio- 
gram, With Particular Eeference to T Wave Changes. J. Clin. Investigation 
409, 1942. 


Exercise lowers the T waves of the normal human electrocardiogram, with re- 
turn toward normal in less than a minute. During recovery the amplitude of T 
may be greater than normal. 

Adrenalin lowers the T waves. Tlie effect lasts from fifteen to thirty minutes. 
Ergotamine tartrate raises the T w'aves. This effect lasts as long as an h 
Atropine lowers the T waves. The effect is maximal in one hour but may last 


ninety minutes. , 

Mecholyl lowers the T waves and causes tachycardia without prelm < y 

bradycardia. 

Bight carotid sinus pressure causes an elevation of the T waves. 

The importance of taking these changes into account when interpreting 

cardiograms is stressed. Authors. 
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D.cl,.ra, G. M., Jt, H«n, O. B.: The KM..11S of Tre.«t of V»lo.« 
Cardiac Mechanism Disturbances. Texas State J. :Med. 37. iGi, 


In 116 cases of this series, atrial or auricular filjrillaiion was present, 73 tunes 
in patients with InTortensive heart disease, 20 times in rheumatres, lo times in 
simWlitics, 5 times' in thyrotoxics, 1 was due to over-digit alixation, and 3 were of 
unknown etiology. Only two cases were refractory to digitalis, and one of these 
seemingly became responsive after calcium administration. Quinidinc sulphate 
restored normal sinus mechanism in 12 out of the 16 cases in which it was used. 

Atrial flutter was studied in 25 cases, most of which were of hypertensive and 
arteriosclerotic heart disease. Digitalis was administered to produce fibrillation in 
17 cases, and in 9 of these subsequent einehonization was necessary to restore the 
normal sinus rhythm. Quinidine alone was successful in 9 out of 12 case.?. 

Paroxysmal atrial tachycardia was recorded in 27 hospital cases, 14 of wlioni liad 
died of heart disease at the time of the summarization. Carotid sinus stimulation 
was effective in stopping the attack in 5 out of S cases; quinidinc in 5 out of 0 
cases; intravenous digitalis in 3 out of 5 cases; prostigmin in 1 out of 3 cases; 
morphine in 2 out of 2 cases. 

Paroxysmal ventricular tachycardia was most serious; 7 of 8 cases had died; 3 
out of 5 cases responded to quinidinc. Adams-Stokes seizures were temporarily con- 


trolled in some cases by barium chloride, ephedrine, adrenalin in oil, thyroid extract 
and paredrine hydrobromide. Carotid sinus attacks were prevented by the use of 
belladonna or atropine. 


Auriion.s. 


Chen, K. K., Bliss, C. I., and Bobbins, E. E.: The Digitalis-Like Principles of 
Calotropis Compared With Other Cardiac Substances. J. Pharmacol. & Exper. 
Therap, 74: 223, 1942. 

Of the three digitalis-like principles of Calotropis, their potencies relative to each 
other and to ouabain were in the following order when tc.s'tcd in parallel: 


Anhydrous Form 

In Frogs 

In Cats 

Ouabain 

144 

121 

Calotropin 

100 

100 

Calotoxin 

76 

92 

Dscliarin 

42 

69 


All differences were significant except that between calotropin and calotoxin in 
cats. 

By simultaneous comparison of the above 4 drugs with S other cardiac principles 
m etherized cats, their potencies in anhydrous form relative to ouabain were convallo- 
toxin 112, ouabain 100, /3-antiarin 90, a-antiarin 87, cymarin 86, calotropin S.3, 
|•ounnngme HCl 78, calotoxin 76, emicymarin 63, bufotalin 01, usebarin 58, and pori- 
p ocymarm 55. Differences between pairs in the above series that are loss than IS 
per cent of the smaller potency cannot be considered significant. 

For 10 of the above drugs, the median lethal dose had also been determined in- 
t ui ua y over a period of several years and in four eases the new values differed 
S S Lo f "^;"".^®‘«™5nations, demonstrating the importance of parallel 

cats. ® standards in ex-pemnents on the toxicity of cardiac substances to 

of thp ™ showed a closer relation to the size of the heart, in terms 

of the two-thirds power of its fresh weight, than to the weight of the body so t n 

ur~ie s -- precise andtre 1 on 

St r , correlation between heart weight and bodv 


Authors. 
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CRen, K. K., Steldt, F. A., Fried, J., and Elderfield, B. C.: The Action of Simple 

Lactones Belated to Cardiac Aglycones. J. Pharmacol. & Exper Therao 74 - 

381, 1942. ‘ ^ 

Tn-ent 3 -seven unsaturated lactones related to cardiac aglycones have been 
studied pharmacologiealh’. 

P, ’/-Angelica lactone, the lactone of 21-liydroxy-A2o, 22 -norcholenic acid, nietli 3 -I 
coumalate, and ethyl coumalate, cau.se sj’.stolic standstill of frogs’ ventricles when 
adequate doses are injected into the ventral hanph sac. i3-(/3-EraphtlM)-Aa, p.-bu- 
tenolide has a suggestive action. 

In eats, /9, y-angelica lactone and methyl and ethj'l coumalates all produce a fall 
of blood pressure and fail to induce emesis, Electrocardiographicall\', no ectopic 
rhythm, multiple foci of impulse formation, various forms of aberrant QES com- 
plexes, and terminal ventricular fibrillation occur as tlie lethal dose is slowh’ ap- 
proached. The evidence in cats is therefore not indicative of any digitali.s-likc action 
of the three substances. 

Authors. 

Obreshkove, V.: Cardiac Inhibition of a Cladoceran and the Action of Acetyl- 
choline and Physostigmine. Proe. Soc. Exper. Biol. & Med. 49: 427, 1942. 

The heart of Dai)ltnia magna can be arrested bj' applying a mechanical stimulus 
to a region in the digestive tube where the stomach enters the intestine. The 
period of heart arrest varied from about 2.5 to 21 minutes. For several minutes 
after escape from inhibition the heart showed grouped beats which were feeble 
in character, irregular in amplitude and much slower than normal. Within less 
than 20 seconds after the addition of acetylcholine there was observed a sudden 
increase in the frequency' of the heart beat, in some instances it M'as equal to or 
greater than the normal rate, and the cardiac activity became immediately mote 
powerful and regularlj' rhythmic in character. If the animals were treated with 
physostigmine for a period of from 5 to 15 minutes before the cardiac inhibition 
was produced, the cardiac rhythm became regular and there was re-establishment 
of the normal rate of heart beat almost immediately' after escape from inhibition. 

Williams. 

Martin, G. J., and Hueper, W, C.; Biochemical Studies of Atheromatous Animals. 

Proc. Soc. Exper, Biol. & Med. 49: 452, 1942. 

Following the oral administration of cholesterol to rabbits or the parenteral 
administration of poly'vinyl alcohol to dogs it was found tliat there was a decrease 
in the speed of oxygenation of the red cells. 3t is suggested that this effect is 
due to a coating action of the maeromolecular compounds used. Plasma volumes 
increased approximately' 100 per cent during the first twenty'-four hours follouing 
injection of 50 c.c. of 5 per cent solution of polyviny'l alcohol. This osmotic ac- 
tivity is probably due to the slowness with whicli the colloid is removed from 
the blood and to its coating the intima with a film which may interfere with 
the escape of water from the liquid component of the blood. 

Williams. 


ffacohson, S. D., and Smyth, C. J.: Plasma Volume Changes Following the Intra- 
venous Injection of Pectin and Pliysiologic Saline in Man. Proc. * oc. *xp 
Biol. & Med. 50: 218, 1942, 


The subjects for the experiments were 9 male patients who , 

respect to the cardiovascular system. An average of 690 c.c. 0 
pectin solution were injected intravenously in each of 0 patients at the rate 
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10 c.c. per minute. 1000 c.c. of saline ivere injected intravenously in each of 4 
patients Plasma volume determinations were made before mnection, a le ei 
S S™™ ... 2 p..«o...s r.e.ivi..S oncU 4 .... nt .. .... « 

on the other 5 patients, and 24 hours .after the end of infusion on .ill palitiUs 
Immediately following the injection of pectin ihc-plmsma volume na.s 
by an amount equal to the volume of solution injected, 4 hour.s later the i"cre.ih 
in volume was greater than that of the injected solution, and at the end of -4 
hours there was an inereased plasma volume in :! patients. Immediately follow- 
ing the injection of saline solution the increase in plasma volume was consider- 
ably less than the volume of injected solution and was still less at the end of 
4 hours, and the plasma volume had returned nearly to normal at (he end of 
24 hours. 


t T T \TC» 


Eath, M., and Krantz, J. C., Jr.i Nitrites. X. Effect of Sodium Nitrite Upon 
the Blood Pressure of Unanesthetized Hypertensive Eats. Proc. Soc. Exper. 
Biol. & Aled. 50: 248, 1942. 

Systolic blood pressures in tbe tails of rats were determined by a iilethysmo- 
graphic method. Rats were rendered hypertensive by (a) subtotal nephrectomy 
or (b) bilateral wrapping of cellophane on the kidnei’s or (c) imihiternl nephrec- 
tomy combined with unilateral eellophane wrapping. An ora] do.se of 4 mg. of 
sodium nitrite per 100 Gm. of body weight caused the blood pressure to drop from 
an average of 140 mm. to an average of 118 mm. in tliirty minutes. lutrnperi- 
toneal injection of 2.5 mg. of sodium nitrite per 100 Gm. of bodj' weigJit caused 
the blood pressure to droji from an average of 140 mm. to an average of IIC mm. 
in twentj’ minutes. 

WlU.lAM.S. 

Hirschfelder, A. D., and Tamoales, G.: Inhibition of Experimental Auricular 
Fibrillation by Procaine and Other Substances. Proc. Soc. Exper. Biol. & Med. 
50-. 272, 1942. 

Auricular fibrillation in anestlietized dogs was produced either by furadvc 
stimulation of the right auricle or by dropping acetyl beta methyl choline chloride 
solution onto the wall of the atrium. Ton to 20 mg. per kilo of procaine intra- 
venously stopped fibrillation, produced by minimal effective faradie stimulation, 
for about five minutes. Forty to 80 mg. per kilo prevented fibrillation from 
maximal faradic stimulation. One to « mg. per kilo of procaine stopped fibrilla- 
tion from being induced by acetyl beta methyl choline chloride solution within 
thirt}’--five seconds, the smaller doses of procaine being effective only for about 
five minutes. Similar effects in inhibiting auricular fibrillation were obtained 
with p-butyl amino-benzoyl-dimethyl amino-ethanol hydrochloride and witli 2- 
butyloxyqmnoline carbo.xylic acid-4-diethylethy!ene diamide hydrochloride. 

WlLIilAMS. 
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AVILLIAM WITHBRINC4— A BICENTENARY TRIBUTE 

CtUstav Nyun, M.D. 

Stockholm, Swedex 

A S A YOUNG, 23-year-old stadenl at Edinburgh Uiuvcrsily, Witli- 
‘ erixvg wrote in a letter to his parents, in 1T64, tliat tlie teacher oi 
botany annually awarded a gold medal to encourage the best among his 
pupils. This led to great competition among the young men, “though,” 
continues Withering, “I confess, it will hardly have charm enough 
to banish the disagreeable ideas I have formed of the study of botany.” 
And yet, remarkably enough, it w'as as a botanist that he was to become 
famous and honored, and it was in the capacity of both doctor and 
botanist that he was to write his famous paper on the medical use of 
digitalis. 

Withering was born March 28, 1741, at Wellington, in the Midlands. 
His father was a respected and much-sought-after doctor, and liis mother 
came of an old, well-lmown medical familjL They had three children. 
Withering’s school career and upbringing were in no Avay remarkable. 
He leaimed the elements of the classics, mathematics, geography, and 
history, from a clergyman in the neighborhood. He did not distinguish 
himself in any respect either during this period or during his earlier 
years at tlie University. It Avas his father’s wish that his son shoidd be- 
come a doctor, and this Avas in conformity with Withering’s own plans 
for his future. 

At the age of 21 he began to study at the University of Edinburgh. 
He appears to have got on Avell there from the very first, as is seen 
clearly from his letters to his parents. At that time there Avere several 
prominent men among the teachers at the University, of AAdiom Monz’o 
primus was the leading one. Withering pursued his studies, but also 
took part in social life; he had literary interests, he played golf, and he 
Avas musical and learned to play both the bagpipes and the flute. While 
he was still a student, Withering gave several short lectures on, inier aim, 

rachitis, angina inflammatoria, and dropsy, before the Medical Associa- 
tion in Edinburgh. 

Received for publication June 20, 1942. 
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In the spring of 1766 Withering graduated at Edinburgli, after four 
years study, with a treatise entitled “Malignant Putrid Sore Throat ” 
It was written in Latin and dedicated to his maternal uncle, Dr Brooke 
Hector,^ and his first teacher, Henry Wood. As far as can he judged, 
Withering was at liome in that language— he was a member of a Latin 
cliib at Edinburgli— lint he was never a prominent Latin scholar. In 
tliis connection it may lie mentioned that, with reference to another 
language, namely, French, Withering once wrote as follows: “I deem 
it a hea^y task, during the short space of our existence, to be compelled 
to learn so many signs to indicate the same thing.” Like many of the 
better situated young men of the time, Withering wanted to travel 
before settling down as a doctor, and he set off with a friend to France. 
The jouriiej’ came to an abrupt end, however, for the friend, who was 
already ailing — pi'obahly a metim of tuberculosis — died suddenly; and, 
after all kinds of difficulties, caused, among other things, by a deficient 
knowledge of the language. Withering was compelled to return home. 
He had had time, however, to obtain a lasting impression of Paris, where 
he had visited hospitals and attended lectures. 

The following Christmas Withering spent at home. He ivas now assist- 
ing his father, and, at the same time, he was beginning to look around 
for some suitable place w’here he could settle dowm as a medical practi- 
tioner. The doctor in the nearby little towm of Stafford had recently 
died, and, as Withering had just successfully treated a prominent per- 
son who lived in the immediate vicinity, Stafford -was thought to afford 
possibilities of a good start for the young man. A hospital for the poor 
had just been completed at Stafford, and AVithering became its first 
doctor. He never built up a large practice during his time in Stafford, 
however, and thus his hospital duties and his ]orivate practice left a 
great deal of time on his hands. AALtheriug belongs. to the group of 
historical personages ■who developed slowly, later to present new and 
epoch-making ideas ■with all the greater force and penetration. 


Passing by AVithering's uneventful early years at Stafford, we find 
him, at the age of 30, a very busy man, in spite of his inconsiderable 
activities as a physician. He is studying botany. 


In view^ of the above-quoted letter to his parents, in which he clearly 
announces his di.staste for botany, it is undeniably surprising that it is 
just this subject that he studies voluntarily, devoting to it every leisure 
moment and all his energy. As far as the present author has been able 
to ascertain, tliere is nothing to indicate that his friend and felIo''\ 
student Pulteney had any influence on AYithering in this connection, 
but it is quite conceivable that such ■was the case. This Pulteney v as a 
botanist, and ■wrote the first English biography of Linne. A moie 
romantic circumstance— quite in keeping wdtli the eighteenth centniy 
for the rest— undoubtedly contributed to directing AATthenng s mteres . 
particularlv toward the English flora. One of his first patients m S a - 
ford was a voung ladv, Helena Cooke, who was interested m flowei paint- 
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ino- On his visits Witliez'ijig used to bring with bun ibnvors ''vlncli lie 
l,ad picked luinsell Tlie young lady subsequently 
There are many descriptions ol! how it became a halui. ol libeling s 
to collect plants and “curious stones” during his long rounds on horse- 
back or by carriage. 

Withering married in 1772, and in 1775 be moved to Birmingham to 
increase his practice and his income. His eldest son, who died in infancy, 
ivas born in Stafford, and his daughter Charlotte and lus son William 
were born in Birmingliam. 

Broling, a Swede, wrote a “Journey to England,” in ivhich there 
is an excellent description of the flourishing industrial town, and also 
of the forceful and enterprising magnate Boulton, who became Wither- 


ing’s friend and patron. The person who really suggested to itheiing 
that he should move to Birmingham was Dr. Erasmus Darwin, an uncle 
of the famous Charles Danvin. The suggestion ivas inspired by kind- 
liness, but when Withering’s reputation, both as a doctor and a scientist, 
began to eclipse Darwin’s own, this good wiU was succeeded by persecu- 
tion and petty annoyances which pained Withering very much. I siiall 
return to this matter in connection with Withering’s digitalis investiga- 


tions. 

In Birmingham Withering was appointed physician-in-charge at the 
hospital. He established an outpatient department, and on certain 
days of the week his private consultations were also open to poor persons. 
His practice greiv rapidly, and in his second year there he earned as 
much as during his whole eight years at Stafford, but, at the same time, 
the first evidence of the silent toil of past years presented itself. In 
1776 there appeared the first edition of his well-known botanical work, 
“A Botanical Arrangement of all the Vegetables naturallj' growing in 
Great Britain, with Descriptions of the Genera and Species, according 
to the System of the celebrated Linnaeus.” Withering gave a detailed 
description of each plant, and he sums up thus: “Under each species 
are added the most remarkable Varieties, the Natural Places of Growth, 
the Duration, the time and Floivering, the Peculiarities of Structure, 
the common English Names; the Uses as Medicizies, or as Poisons, as 
Pood for Men, for Brutes and for Inseckts;” and he adds-. “With 
their Applications in Oeeonomy and in the Arts.” In his preface, in 
which he goes through aU the different points. Withering remarks that 
many people will doubtless be surprised that he has said so little about 
the medical uses of the plants. But he considers that they have been 
abused in this respect, and that superstitious beliefs have led to the 
use of all sorts of plants for the most varied diseases. On the other hand, 
le points out that valuable remedies can be prepared from plants. Noth- 
ing can better illustrate Withering’s own starting point and the eontribu- 
lon he made, as a result of his oum investigations into the effects of 
digitalis, than what he himself ivrote in the first edition of his Flora 
Gertain Plants, eapable of producing very sudden and remarkable 
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eiteets -upon iho HRman Bodv, are called Poisons. Bnt poisons in small 
doses are tlie best medicines, and Ibe best medicines in too lame dcis 
are poisonons.” Under Foxglove, i.e., digitalis, in tie smne iora ^c 
find tie fonovdng remark : "A dtmm of it taken intvitrdlv exciti ^olmt 
vomiting. It is eeriainlv a verv active medicine, and m«its more anen- 
tion than modern practice besiotvs nnon it.“ 

Horn extensive TTithering's practice it Birmingimn mas, appears from 
a State men I tiai dniing one a ear — l<^o — ^nis visits to tie sick involved 
travelling more than 6,3o3 Englisi miles. He made tiese .lonrnevs, 
Aviici mere an emtremely great strain at tiat tinte. on iotsebaek or iv 
carriage. In order to employ eveiy moment, ie iad "a ligir'' in iiis 
carriage — presumably an oil lamp — ^so placed tiat ie could read and 
study during iis .iommeys, TTiiiering s activities as a doctor cemnrised 
both those of the hospital doctor and of tie very popular practitioner, 
bnt yet ie found time not only for medical studies, bnt also for nro- 
lound botanical, chemical, and mineralogieai studies. Tie period in 
Birmingiam can probably be ciaracterired as tie most active pertod in 
this ever active man s life. 

In 1779 ie pnblisiied a mork entitled "An account of tie Scarlet 
Fever and Sore Throat," In tie preceding year there iad been a severe 
eiiidemie of scarlatina in Birmingham, and tie disease iad also ravaged 
tie miole of England. Withering hoped — as ie says in iis preface— tiit 
iis observations mould be of use. Scarlatina mus often confused vin 
other illnesses. The book attracted mudi attention in its tine, Barr? 
tiese and tie immediately succeeding years. Withering published several 
nonniedieal panel's, infer alia, in 17S3. an Englisi translation of lie 
Smedisi mineralogist Torbern Bergmans "Sciagrapiia Kegni lEa- 
eralis. 

At this time there Avas an illustrious society ui Birmingham, tie 
"Lunar Society," of miici Withering mas elected a member, Tironana 
iirs. Sehumnelpenninck. miose father mas also a member of tms cluP. 
Ave iaA'e A'ery graplue descriptions of tie meetings of tie club and oi 
members, among miom — besides its celebrated ciiairman. Br. Sanmel 
Jolmson — mere tie Boulton referred to previously. James Watt tr.e 
inventor of tie steam engine, Joseph Priestley, tie Englisi discoverer oi 
oxvgeu, and tie Br. Erasmus Barmin mentioned above, Many laraous 
men visited tie club, infer alia, the S^vede Solander— Linne's pupil- 


discoveries announced by Priestley. He mas eouAfineed tlun PncsiA.v 
Avas risit. and defended liis friend both in sp>eeei and mriting,^ 

In 17S5 Withering mas elected a member of tie Poyal -'"J 

miose Transactions ie iniblisied several oi iis morus, Li iU*- 
vear ie Avas also aAvarded a diploma by tie Wedical Society oi Londem 
and mas subsequently (1791) elected to tie Linnemi Society. 
lie declined tie membership of clubs and societies, sinc-e, as almay^ -e v-- 
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etc., 


NYLIN ; WILLIAJI 

concentrating his time and the F^^dte, 

that he published his work on digitalis, ^ ‘ 

j./’ to which I shall devote special attention below. 

A^^thering’s reputation, both as a research worker and as a doctor, was 
now at its zenith. The French botanist, L’Hcntier de Brute c, nai i 
a plant ^Yit^leringia solanacm in his honor. Birminglmin was an in- 
toning town in many respects, and to it went many of the loreigner.s 
who visited London. ■Withering ’s son gives a b.sl of toiiri.st.s and .scliolai s 
from Germany, France, Holland, Poland, and Sweden wlio vi.sited lii.s 
father, and with ivlioin the latter often carried on a vohiminons cor- 
respondence. 

As early as 1776, 'Withering had himself noticed the first symptoms of 
the disease — ^probably pulmonary tuberculosis — which -was to be the 
cause of his death. Every winter subsequent to that date he had attacks 
of var 5 dng severity. In the winters of 1783 and 1784 he had to give 
up his practice for long periods and take a complete rest in the country. 
This is the real reason wh}^, in 1786, he realized liis desire to move to the 
country. He settled down at Edgbaslon Hall, oul.sidc Birmingham. 
Nowadays the beautiful hall lies in a subiub of: Birmingham, but in 
Withering's time the district could quite justifiably bo described as the 
eountrjT It was not too far from the town, however, for liini to be able 
to continue to carry on his daily work as a doctor. 

At Edgbaston Hall Withering was able, in some degree, to live the 
country life he had longed for so long. He was interested in the manage- 
ment of the estate, and took a special interest in rearing Newfoundland 
dogs. Among his pets there were also two monkeys from Gibraltar. One 
of them died after a few years. Withering followed the monkey’s ill- 
ness carefully — coughing, fever, and wasting. According to Withering, 
the autopsy revealed “Plxthisis pulmonalis similar to that found in 
human victims.” This coimnent was probably made principally with 
himself in mind. In 1790 he had an unusually severe pulmonary attack. 
He began to .suffer from breathlessness, and his fatigue made itself felt 
more and more, but his will to work was still unbroken. He continued 
many of his works, and to a certain extent carried on his practice. How 
he suffered because of the feeling that his strength was failing is seen 
plainly from an utterance quoted by his son in Miscellaneous Tracts: 

The languor of iUness is one of the most mortifying .symptoms to tlioso 
who dislilm indolence.” 

The results of the political unrest which spread to England from 
revolutionary Prance contributed indirectly to Withering’s failure to im- 
prove Both as a doctor and a private citizen, Withering remained 
entirely outside political discussions and belonged to no party Hi.s 

Wftw"* “ Birarngham in July, 1791 

mg tried to save his library and his scientific colieetioiis bv re 
movnig the. „ag„„s loaded rvith hay. Even though dal^d lioU,' 
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Jus colloetioiis and Jiis Jiomc escaped destruction, 1o wJiieli Jiis popularity 
as a doctor certainly eontrilnited, Imt Ihe severe mental strain wealcened 
liis health further. 


Poitugal was a Iioliday resort much favored by Englishmen, especially 
diiring the winter, wlien they wanted to escape from the cold, damp 
climate of England. In September, 1792, Withering went to Lisbon. 
During the winter there his health improved to such an extent that he 
repeated the journey the following year, hut not with the same good re- 
sult. On the contrary, he returned with his strength further reduced. 
In Portugal Withering studied the subtropical flora and also made 
water analyses, , especially of the hot springs at Caldas da Rainha. His 
work was pulilished by the Royal Academy in Portugal, of which he was 
elected a corresponding member. In this connection it may be mentioned 
that he had already previously — in 1776 — translated into English T. 
Bergman’s “De Analysi Aquarum.” 

Although Withering never had an opportunity of visiting Sweden, he 
not only met several Swedes, but also cooperated for long periods with 
Adam Afzelius and Carl Peter Thnnberg. Letters are still preserved 
from the livelj'- correspondence he kept up with these two Swedish 
botanists. Thej^ contributed to a great extent to the working up of the 
third, much larger edition, of Withering’s “Botanical Arrangement,” 
which appeared in 1796 (a quotation Horn Thunberg appears on die 
flyleaf). 

After his return from the last journey to Portugal, Withering spent 
most of his time in his library, wliicli lie tried, by means of various con- 
trivances, to keep at a constant temperature of about 18° C. In spite of 
everjdhing, however, Withering Avas more and more troubled by breath- 
lessness, and at times he had hardly strength to sit Avriting at his desk. 
He began to think that Edgbaston Hall, Avhere he had ahvays been so 
happy, Avas unsuitable on account of its exposed position, and decided 
to move to Dr. Priestley’s former home. He had the house, AAdiich had 
been almost entirely destroyed by reAmlutionaries during the period of 


unrest, earefullj'- repaired. 

He never found the relief AAdiich he had hoped for so much. On 
September 28 he moved to his neAV home, “The Larches,’’ but only eight 


days later he passed aAvay, on October 6, 1799. 

Withering Avas buried in the old church at Edgbaston. On the tablet 
of black marble, in addition to the name and particulars, a poem ivas 
engraved in the taste of the period, but on the base of the tablet 
Withering’s Avork is symbolized better than by many words. The 
emblem o^f Aesculapius, the serpent-Avreathed staff, is sculptured, sur- 
rounded by floAvering digitalis and Withermgia solanacea, cut rom 

Imng specimens. mi- 

Withering’s most lasting contribution Avas undoubtedly ns ^ 

mental Avork on the use of digitalis as a remedy, and therefore la 

will be dealt Aidth in detail. 
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The use of digitalis as a medicinal plant ean lie traced both among 
the Irish monks and in Germany, ^Yllcrc it appears to haie been 
cultivated as early as in the time of Charles the Great In lo46 a eban- 
in. of it was made by Hieronymus Boek. Leonhard Fuclis gave it its 
Latin name. After Fuchs’ time there are no particulars^of its use in 
eei-mm-spraWng «P to Wilhertag’s diiys. On 1 lo oi m- 

liand in England it was mentioned occasionally befoie his tunc 
(Gerarde, 1597, Parkinson, 1640), and it was used as a remedy lor 
illnesses of the most varied kinds, such as epilepsy, sores, swellings, and 
vertigo. Digitalis was included in the London pliarniaeopoeia ni 16o0. 

That the knowledge of digitalis ivas confined especially to England 
may be due to the fact that it is a very common flower and grows in 
great profusion there. 

As is well known. Withering was a .skilled and meticulously observant 
physician, as well as a learned botanist. In his book “An Account of 
the Foxglove, and some of its Medical Uses, with Practical Remarks on 
Dropsy,’’ he describes how his interest in digitalis was first aroused. 
In 1775 he was questioned about an old prescription for the cure of 
“dropsy” with which “an old woman” in Shropshire was said to per- 
form miracles after doctors had failed. The old woman’s prescription 
proved to be compounded of twenty different lierbs, but, it was not diffi- 
cult for Withering — as he saj's himself — to discover that digitalis was the 
effective ingredient. It had been used as an emetic and a laxative, but 
its influence on the heart and its diuretic effect had clearly not even 
been noticed. In the preface to his book. Withering says quite mod- 
estly that he had often been urged to write about digitalis, and equally 
often had refused to do so, but finally, with hesitation — ^liowcvcr incom- 
petent he felt himself — he had decided to take up his pen. What really 
led to Withering’s publication was as follows, as he expresses it him- 
self; “The use of the Foxglove is getting abroad, and it is better the 
ivorld .should derive some instruction, however imperfect, from my ex- 
perience, than that the lives of men should be hazarded by its unguarded 
exhibition or that a medicine of so much efficacy .should be condemned 
and rejected as dangerous and unmanageable.” Ten I'ears’ experience 
with digitalis as a diuretic, tested on a comprehensive material, eomjiris- 
ing 163 of his own cases of “drop.sy” and the experiences of various 
doctors, forms the basis of Withering’s ela.ssie work, in which he pre- 
sents his results with extreme objectivity. Case after case is described 
in the most concise form possible, ivith the liistorias and phvsical si>ms 
and with day-to-day notes on the effects of the drug. In'many clse.s 
its diuretic effect was extremely striking. Only a few days’ use of the 
remedy was sometimes sufficient to eau.se the edema to di.sa])pear In 
other ca.ses of dropsy, again, results were insignificant or eompletelv 
absent. If the histones of the different patients are studied, it will be 
found that, as a rule. Withering succeeded in getting tlie diuresis started 
in the eases in which there were both edema and asthma, i.e., diffieultv 
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111 breathing during rest or on exertion; in other words, in cases of 
wiiat we usually call clironic cardiac insufficiency. Witliering <rives 
particulars of only one case from tlie year 1775. After 10 days'’ treat- 
ment with a decoction of digitalis, large quantities of water had been 
excreted, the difficulty in breathing liad receded, and the general con- 
dition was improved. 

From the following year he reports four cases, of which No. IV is 
remarkable in several respects, and is given in detail here. On July 25, 
1776, Withering was consulted by Dr. Erasmus Darwin— the older col- 
league who had advised Withering to move to Birmingham— about one 
of Darwin’s patients. A middle-aged married woman was suffering 
from extremely troublesome dyspnea; her pulse was weak and irregular, 
her arms cold and clammy. She had troublesome orthopnea and could 
not lie down in bed. She had considerable edema in her legs, thighs, 
and over the abdomen, and passed extremely small quantities of urine. 
It had been proposed to scarify her legs but the proposition was not ac- 
ceded to. Dr. Darwin had tried, inter alia, antispa smodics, diuretics, 
and laxative remedies, without result. Withering then pointed out: 
‘ ‘ In this situation I knew of nothing likely to avail us, except the Digi- 
talis : but this I hesitated to propose, from an apprehension that little 
could be expected from any thing; that an unfavourable termination 
would tend to discredit a medicine which promised to be of great bene- 
fit to mankind, and I might be censured for a prescription which could 
not be countenanced by the experience of any other regular practi- 
tioner. But these considerations soon gave wa}’- to the desire of pre- 
serving the life of tliis valuable woman, and accordinglj'- I proposed 
the Digitalis to be tried ; adding, that I sometimes had found it to suc- 
ceed, when other, even the most Judicious methods, had failed. Dr. 
Darwin very politely acceded immediately to my proposition, and, as 
he had never seen it given, left the preparation and the dose to my di- 
rection.” Fol. Digitalis was prescribed; within twenty-four hours 
diuresis started, and 9 liters of urine were excreted. An appreciable 
general improvement set in, the dyspnea was relieved, the pulse became 
stronger and more regular, and the edema in the legs disappeared. 
After that Darwin and Withering looked after the patient alternately 
until September 10, when Withering took her over entirely. Nine days 
later, on September 19, the edema had begun to return, and another 
course of digitalis was begun, with the same brilliant results as on the 
first occasion. At the end of his description Withering saj^s that he 
attended this woman for nine years, and gave periodical courses of digi- 
talis which obviou.sly prevented the edema from developing to any more 
appreciable extent. He adds that, for this, “very small doses” are re- 
quired. The case illustrates the almost miraculous effect of digitalis. 
The remedy not only saved this woman’s life in the more acute stage, 
but in small doses it kept her alive for nine years, and prevented edema^ 
Our conception of its value as a therapeutic agent m the treatmen 



NYLIN : 


Yar.LlAIM wmiKUING— A BlCKN'TlCNAliy THinUTI. 


*l„m« »u-dia« inM.ffldo.u-y haa nol. d.a„s«l In a".'’ .aa.s,<l<.ral. a .lapi aa 
since Wittcing’s clays. Tl,c lollocving linos l,y W.IUonng, "Ino , eon- 
elnde the description ot this oa.so, are ot very special uilero.st : I la» e 
been more particular in ibe narrative ot tliis ease, ])artly beeans.; Di. 
Darwin has related it ratlicr imperlcctly in llie notes to Ins son s post- 
humous publication, trusting, I imagine, to memory, and partly because 
it was a case which gave rise to a very general use of the modieinc in 
that part of Shropshire.” 

According to Professor John Fulton, of Yale University, who at- 
temped to elucidate the priority as regards the discovery of the lhcni]mu- 
tie value of digitalis, Erasmus Darwin's formal priority is clear, lor, in 
an addendum to his son’s doctor’s dissertation, he published as early 
as 1780 an account of some patients with "drop.sy ^Yho wei'c success- 
fully treated with digitalis. In January, 1785, he published in ^Medi- 
cal Transactions his second study on the subject. Withering’s “Account 
of the Foxglove” is dated in July of the same year. However, Darwin s 
procedure in this matter can be looked upon as none too punctilious ac- 
cording to modern conceptions, for Withering's description, as given 
above, is considered fully verified, and thus Darwin learned about tlie 
effect of digitalis for the first time from Withering, in 1776. Withering’s 
ethical priority is tlius alisolutc. 


In any ca.se, the news of Withering’s therapeutic successes with digi- 
talis spread far and wide in England. He received large numbers of 
letters from colleagues, full of praise for his oljsei'vations, and sonic of 
these letters are reproduced in his book. 


Withering had not only eolleeted an abundance of cases in Avhich 
dropsy had been successfully treated, but had also made detailed studies 
of the purely botanical features of this reinarkalile plant, and in his book 
a beautiful colored reproduction of a .specimen of digitalis, with its 
purple, bell-like flowers, a])])oars. In a .sj^eeial cliapter he gives advice 
as to the preparation of the drug. In the first place, the leaves should 


be collected just at flowering time and then dried. Withering ]>rcscribod 
that, as a rule, tbe leavns should be puh'erized, and tlie medicine given 
in the form of an extract, infusion, or poAvder, as pills or tincture, but 
he says rightly; “But the lAAore Ave multiplj* the forms of any medicine, 
the longer Ave shall be in ascertaining its real dose.” With regard to 
the dosage, it is amazing hoAv little Withering prescribed; “1-3 gisiins 
(0.12-0.36 gram) tAviee daily,” Avhieli amount tallies extremely avoU 
with that used by doctors to this day. On the other band, bis predeces- 
sors, the quack doctors, used considerably larger, nay, dangerous doses 
against Avhich Withering gives a very special warning. As a drastic 
example of such overdosing, even by liis colleagues. Withering mcntion.s 
that a Dr. Cawley himself took tAvelve times the above-mentioned dose 
but that he must have had an unusually strong physique, for other- 
wise he Avould have died of digitalis poisoning. Withering Avas A'cr\' 
well acquainted with the symptoms of poisoning from digitalis, and 
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(fesci-iljos lllem clclail WIoto: “TI.c lf„xglov», ,vheii i-ivon in vm't 
lai'^gc and cinicklyn-opaalcd dosc-a, ootasions sioknass, vomiting, p,,™,,; 
g-Klcliness, confused vision, ol>.iects nppenring green or yellow, increased 
secretion of nrine, willi frecpient motions to part with it, and sometimes 
inability to retain it; slow pulse, even as slow as thirty-five in a min- 
ute, cold sweats, convulsions, syncoiie, death.” Withering advises a 
continuance of the proposed daily doses until the drug- has affected 
either the kidneys, stomach, pulse, or intestines, but that it shall be dis- 
continued as soon as s.vmptoms from any of these organs make their ap- 
pearance. From a study of Withering's book on digitalis, it appears 
clear that Withering undoubtedly discovered its strong diuretic effect; 
previously the drug had been known only as a laxative and emetic, 
probably because the medicine had been given in overdoses. 


Withering sums up Ids conclusions on the diuretic effects of digitalis 
in eight points at the end of the book, but adds a ninth point which is 
particularly worthy of attention, and therefore I quote it here; “That it 
has a power over the motion of the lieart to a degree yet unobserved in 
any other medicine, and that this power may be converted to salutary 
ends.” 


It was not sufficient that, during a period of ten years. Withering, 
with his extraordinary powers of observation and his critical penetration, 
established the fact that digitalis is above all an unsurpassed diuretic, 
but he also discovered its extraordinary effect on the heart and its 
movements. In a number of his case histories he remarks particu- 


larly that, during treatment with digitalis, the action of the heart 
becomes slower. Withering was the first to establish the specific effect 
of digitalis on the heart, an observation which modern physicians con- 
sider the most important and self evident. In Withering’s time, 
“dropsy” was a morbid state in which digitalis was .sometimes efficacious, 
and sometimes not, as he very correctly points out. Todays it is knoum 
that dropsy is a symptom of different conditions, sneh as kidney diseases, 
diseases of the liver, and, especially, cardiac insufficiency, and that it 
is only witli the latter form of dropsy that digitalis is a specific remedy 
because of its effect on the heart. Without being in a position to make 
this classification of drop.sy, Withering describes— as lias been pointed 
out above — eases of successfully treated dropsy, the s.ymptomatology of 
whieli be describes with unusual acumen, and which in our time would 


be diagnosed as cases of typical cai'diae insufficiency. 

At first, Withering’s digitalis treatment did not attract any con- 
siderable attention within the medical world. Neithei CoiMsai , 
Napoleon’s court physician, nor his pupil, Laennec, devoted any grea 
interest to digitalis, although they were among the outstanding figui 
in medicine, and for over fifty years digitalis was very little usea a < 
cardiac medicine. In 1798, Hahnemann, the 
spoke extremely skeptically and sarcastically about digitalis as 
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Cine. It Ava.s the German eliuieians-(ir.s(. Kreysii., in 1SI4 ami sul)s..- 
qnently, Liuhviir Tranbc. in lS(i4-wiu) l.ecan,e n,leve..lea n, the ns. 
of diiiilalis for heart disease. Tranhc e.stai>imin'd. \n the iivst jduee, 
that digitalis had a rewlatinu: effect on tin' rhythm of the heart, and lliat 
it reduced the heart frociueney. hoyden (1SS1) and Notlinan.-l (IS.S) 
arrived at the conclusion that diiritalis was onr foremost remedy tor the 
treatment, of cardiac in.sufficieney. and its clinical use was first ehieidated 
by these ro.search workers and their contem]*oraries, .lames Hope and 
William tstokes. The knowledge, of. di'^italis was .really widened In 
liomolle, Quevenne. and Xalivolh*. and. above all. by the fundamental 
work of Sclimiedebcr., the German jdiarmaeolo.ist, in 1^7.'). These 
investigators, in the fir.st place Sehmiedeberg, attemi>lcd to isolate the 
active substances, which were called glucosid(‘s, from tlu^ digitalis le.aves. 
hater, all over the world, innumerable pharmacfdogi.st.s began to test 
these sub.stanee.s which affected the heart by means oj ('.Nj)erin)ents on 
animals, and established the principle for the, pharmai'ologie effect of the 
.so-called cardiac glueosides. I’.roadly speaking, tlie e.vperimenfs on 
animals taught llial digitalis evoked a stronger eonti-aelion of the 
heart mnsclc. 

It might i)e said that full .iustiee ha<l not heen done to Witliering's 
pioneer work until during the last fifty year.s. (.Tmieians in all eoun- 
trie.s now sec in digitalis the pre-eminent heart remedy, wliieli lias llie 
power to relieve cardiac in.snflieieney and .strengthen the failing heart ; 
which in countless cases actually })crf()rms miracles, ami iiclj^s persons 
with heart di.seasc of various kinds to live an endnrahlo life foi- years, 
nay, perhaps decades. IMaekeiv/ie and his pupil, howls, and Warburg ar<; 
of the opinion that, on the whole, digitalis affects only cardiac insufii- 
ciency with congestion, and is nscfid, above all, i?) eases in which auricu- 
lar fibrillation i.s pre.scnt. The idiy.sieian of today knows that in llie 
t.^Tjieal case of cardiac insufficiene.v, with all its cardinal symjitoms, such 
as dyspnea, a swollen liver, edema, and a rajud, irregnlar indsc. there 
is often a prompt re.spon.se to digitalis, willi inerea.scd diuresis, rodneod 
pulse frecjUGncy, an even, regular pulse, a rednetion of llio liver swell- 
ing, and increa.sing working ea]meity. In spite of the enormous ju-og. 
re.ss that phy.siology has made during llie last :iO years, and the etu- 
plo^nnent of physiologic methods in the cardiac, clinic, it has not yet 
been possible to ostabli.sli with cerlainf.y whelhci- digitalis increases the 
amount of blood the buman heart pumps pav unit of lime, i.e.. its minute 
volume. In 1938, I found tbat, in ea.se.s of congestive lieail failure 
digitalis instantancou.sly leads to an increased o.vygen eonsnmpti'on liv 
the patient, wbicb probably implies that the lilood flow increases i.e. 
that the minute volume of the heart increases, b'urtlicr I have sliowii 
that digilalis may i.icmm.. II, « ,Kmr, „,|„,,iiy, as moasurod tvill, 
...y iimctmn 1«l, in lal,.„l. aardi,,,, hmnlTte, i.e.. i„ in 

olMcctive signs ol Imavl failnvc are alisct ylirai llic reilinnl 


during rest, 


Is examined 
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r 1 electrocardiography we are today able to estab- 

lish that digitalis can eliminate flutter and fibrillation, the presence of 
which may be the cause of both an extremely rapid and an irregular 
action of the heart. Such rapid contractions of the auricle, 300 to 
600 times per minute, which are extremely wasteful with respect to the 
woik of the heart, may at times be checked by the administration of 
digitalis, and be followed by normal sinus rhythm at a rate of 60 to 
80 beats per minute. Very frequently, neither flutter nor fibrillation 
can be eliminated by digitalis, but nevertheless the remedy— and this is 
extremely usual — Ifloeks the transmission of these waves to the ventricles, 
so that perhaps only a fraction of the waves are transmitted, and the 
work of the heart is thereby facilitated. 

Innumerable preparations of digitalis have seen the light of day. 
The original digitalis leaf, in poivdered form, still retains its place, 
however. Of the preparations in more or less pure form, emanating 
from firms all over the world, “Digalen” is probably one of the best 
knoivn. In Sweden we have had “Digitotah' for a decade, and, during 
recent years, “Digiton.” Beseareh and industry have proceeded 
hand in hand on this subject, and the last word has probably not been 
said as to the effect of the different constituent elements of the digitalis 
leaf. Commissions have been set up to studj' these questions, and at- 
tention must be drawn in particular to the Dutch Commission, which 
was entrusted with the task of cooperating with prominent expeits, 
physicians, and pharmacologists in investigating the effects of digitalis. 
The work of the Commission ivas published in book form in 1923, and, 
in the introduction, it is said that if Withering’s monograph is com- 
pared with what has been ivritten about digitalis during recent years, 
the volume of the latter is amazing, but unfortunately there is very 
little new in it which is of undisputed importance in practice and which 
had not already been given in Withering’s classic work. 

Thanks to indefatigable efforts, Emil Hultmark, Ph.D., has suc- 
ceeded in tracing the portrait of AVithering by the Swedish artist, P . von 
Breda, and it now has a place in the National Museum in Stockholm. 

Breda painted the portrait in Withering’s home, Bdgbaston Hall, in 
1792. The resemblance is said by his son and one of his friends lo 
have been striking. The position, the expression round the mouth, and 
the hand which nonchalantly, yet constrainedly, grasps some sprays of 
digitalis, conform ivell with the picture Mrs. Schimmelpenninek^ gives 
us of AVithering. As has been mentioned above, her father and AVither- 
ing Avere members of the Lunar Societyn She describes AA^itheiing as 
friendly but reserved and uncommunicative; esteemed as he ivas, he 
never was among the I'ealty poindar members of the Society. In t le 
portrait, an unconscious nobility rests on the well-sha]>ed foic iw< > 
the long nose, and brushed back, slightly powdered hair. AVitheinio 
said to bai'e been very particular about his attire. It is tine la 
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that time it Avas the custom alAA’ays to paint so-called lioautiful hands, 
but one likes to belioA'c that the elegant hand holding the digitalis re- 
sembled Withering’s oaa'ii. Finally, Avilh his colors and his brush Avork, 
Breda has managed to hand doAA’u to us something oC tlie strength and 
acuteness of intellect Avhich AA’cre characteristic of William Withering. 

I wish to proffer my warm llianks for their interes). amt ready cooperation to 
Dr. Emil Hultmarlc, and especially to Dr. Erik Waller. _ Dr. Waller kindly placed at 
my disposal both his eminent learning and his private library. 
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ANGIOCARDIOGRAPHY AND ITS YALUE 

Dr. Rodolfo Perez de los Reyess,® Dr. Agustix C.^stellaxos,! axd 
Dr. Raul Pereiras, t IIayaxa, Cuba 

A NGIO CARDIOGRAPHY as a method of cardiovascular exploration 
was presented hr two of us (Dr. A. Castellanos and Dr. R. 
Pereiras, with Dr. A. Garcia) toward the end of 1937, after it had been 
employed for many months on our cardiac patients. Since that time 
we have used it systematically in tlie examination of cardiac patients, 
and it has become a routine, for it proved to he quite harmless and 
its diagnostic value surpasses hy far tliat of any other method. 

After our work, Steinberg and Robb, of New York, applied the same 
method to adults witli extraordinaiy success. They performed hun- 
dreds of intravenous injections of the opaque substance at high speed 
without any accident. 

Is the word “Ajigioeardiography” a new medical term? "W. A. New- 
man Dorland, member of the Committee for the Nomenclature and 
Classification of Diseases of the American Medical Association, has 
recognized the word “Angioeardiogi*aphy” as a new scientific term, 
and included it in the 1941 edition of the American Illustrated Medical 
Dictionary. Angiocardiography means roentgenographic visualization 
of the heart ea^uties and large communicating vessels by means of a 
radiopaque substance. In 1936, several French authors, among wdiom 
Ameuille is z-emembered best, employed the method heralded by Moniz, 
of Lisbon, of injecting the contrast medium through a catheter which 
had been introduced as far as the light auricle, and in this way obtained 
roentgenograms in which the right auricle and ventricle and the tiunlc 
of the pulmonary artery were visualized. For this purpose they em- 
ployed a 120 per cent solution of sodium iodide. However, the diffi- 
culties of catheterization of the auricle, as well as the great toxicity of 
the large amount of iodide, compelled these authors to state that the 
method could not be employed routinely. 

Our first work on angiocardiogi-aphy was done in 1931, and in 1937 
we devised an easy, hannless technique which we have continued to use 
luitil the present time. Angiocardiography is a strictly original method, 
foz-, previous to the work of Castellanos and Pereiras, no attempt had 
been made to use peripheral veins for visualizing the human heart 
cavities and their large communicating blood vessels. 

What is the imrpose of angiocardiography? It was devised with a 
view of establishing correct diagnoses of congenital heart disease. Poh - 
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l^ig. 2. Normal angiocardiogram, lateral view ; baby, 4 months old. 
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mortem angiocardiography is performed in cases in which autopsy is 
refused; it provides distinct images, when carried out mth an adequate 
technique, and its diagnostic value is as great as that of angio- 
cardiography in the living subject. Moreover, angiocardiogi’apliy fur- 
nishes many valuable data in other conditions, such as situs inversus 
mediastinal displacement, etc. 

IIo 20 is cm ancjiomrdiocjram obtained? The technique of the method 
is veiy simple, and consists of two main stages: 

(1) Introduction of a thin Lindeman trocar in a vein of the 
elbow, hand, leg, or thigh. 

(2) Injection of the radiopaque .substance and exposure of 
the x-ray film at the end of the injection. 






Fig. 



The gauge of the trocar will vary according to the development of 
the venous svstem of the patient and his age. The quantity of contras 
medium to be injected depends not only on the age and weight oi tie 
patient, but also on the presence or absence of cyanosis, because le 
more pronounced the cyanosis the greater will be the quantity o 
radiopaque substance required for obtaining proper conti as s. 
average, 8 to 10 e.c. are employed in a newborn child, and 12 ^ ^ 

in an infant. In older children, the quantity mil raiy between lo 

30 c c 

Although sodium iodide should never be used in the Inang, 
many other substances, such as per-abrodil, uroselectan, nppu 
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Flc. 4._Total tninppopilion of thfi larso vfissels. AyUpropo.'ilftrior view. Tlw aortic 
siultlow is very denso bcctiusc the nrlory iJ' urislTij? from tbf* \c*iilricu'!. 



iar comniunTcati'on?"^orta*fmd^Us'^branc1iM^vlsiWp' Intorvontricu- 

Below the cardiac shadow lie the interior cava and supraTcpatlc“veins."’""'‘''-'’ 
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Avhich -ive satisfactory results when employed in concentrations of 35 
to TO pa- cent. The injection must he carried out within one and one- 

half to two seconds. . i 4 .- ^ 

From birth mitil sLx months of ago rve nse a 35 per cent solubon of 

the radiopatine substance. From she months unUl Uvo or three yearn 


Fig. 
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Interventricular^ 

, , ^ of HiPenmenger. the defect. 

iXo' a?ier>' i's normal. 
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„t age we may wee the same solution in 

n^rsTlaneo must bo oo,„ploloa as 
Tim mjeotion ot Im lac > ,he syv.nge .s 

’eS-”cmP« he, when it stiU eo, bains Uvo on lin-ee oubio oo„„- 
ItTs anteroposterior and latei^l views with a single 

to use a special arrangement for maintaining complete immobih/atioi 
of even the most unruly patient. 



Fig. 8. — Congenital dextrocardia, anteroposterior view. Very large interauricul.ar and 
interventricular communication. 


What is an angiocardiogram? A normal angiocardiogi'inn is ejisily 
interpreted, he it an anteroposterior or lateral view. In the antero- 
posterior view the axillary and subclavian vein, the corresponding 
brachiocephalic vein stem, the right auricle and ventricle, the stem and 
hranches of the pulmonaiy artery, and sometimes even the thinnest 
ramifications of the pulmonary artery become apparent. Usually, the 
image is U shaped. In the lateral view, the same structures arc seen, 
especially the pulmonary artery as it passes in a semicircle from the 
infundibulum to its site of bifurcation. 

Pathologic angiocardiograms are very interesting, and some amount 
of experience will permit their correct interpretation. Stenosis of the 
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pulnwnary artery produces a characteristic image which enables one 
to differentiate tlie orifieial and the infundibular type. It also reveals the 
extent of the malformation. Patency of the interventricular septum 
may be diagnosed by indirect .signs, sucli as indentation of the border 
of the right ventricle, the presence of radiopaque sub.stance within the 
left ventricle, or sometimes directly by visualization of the communica- 
tion itself. Transposition of the large vessels, Fallot's tetralogy, and 
interauricular communications are likewise revealed by characteristic 
features. In some instances one can also detect patency of the ductus 
arteriosus by direct or indirect signs. In other eases the method reveals 
gi-oss malformations of the septum or the presence of a single auricle or 
ventricle. A single arterial stem produces a typical shadow which in- 
dicates common origin of the aoi-ta and pulmonary arterjL 



Fifr. 9. — L-arge inten'entrieular communication. The aorta is deviated to right side 
over the right bronchus (Corvisart type). 


Is angiocardwgraphi) harmless? The experimental work of Bcboul, 
Eaeine, Contiades, Ungar, and Naullau proves that the dosage employed 
by us is quite harmless. This has also been corroborated by the recent 
wurk of Eobb and Steinberg. We have never seen any serious angio- 
cardiogi’aphie accident since we began to employ the method tliiee teais 
atro Eobb and Steinberg have had the same e-xperieiice in a senes o 
about a hundred injections. We wash to emphasize 
ployed the method in the preagonal and agonal stages of heai 
We do not refer to cases of heart failure or grave cardiac msufficie .t, 
for almost half of all patients studied by ns had reached this stage. 
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The value of angiocardiography. Ji is tlic most accurate metliocl of 
cardiovascular exploration used at present for the dna^iosis of con- 
genital heart disease. It does not furnish indu-eet cvidmicc, as is the 
rule with electrocardiography, radiohymogi’apliy, orthodiagraphy ,1c c- 
radiography, plionocardiography, and hlood gas analysis, hut. direct, 
anatomic information concerning the eliambcrs of the heart and the 
great vessels. 

When we started our research wc made post-mortem angiocardio- 
grams, and then, at autopsy, studied the relations between the images 
and tlie deformities. Later, in the cour.se of the last, three ycar.s, wc 
have continued to perform autopsies on patients on whom wc had oli- 
tained angioeardiogi’ams during life. This procedure has shown that 
angiocardiogi-aphic diagnoses arc surprisingly accurate, for, in every 
instance, the roentgenogram was characteristic of whatever vascular de- 
formity or abnormality of the septa happened to be present. 

Dr. J. M. Martinez Canas, our eminent cardiologist, remarked in the 
course of a discussion of our investigations at the Cuban Society of 
Cardiology that angioeardiogvapliy was a method of doing an autopsy 


on the liidng. 

Dr. Pedro L. Farina.s, in one of liis last jiapcrs, says tliat the 
angiocardiographic method of Castellanos and Pereiras has revolu- 
tionized the diagnosis of congenital heart disease. 

Other methods derived' from angiocardiography. Angiocardiography 
has given rise to other methods, .such as vi.sualization of the inferior 
and superior venae cavac, and, above all, to retrograde aorlograjihy, or 
aortography by countercurrent. This is a special method for diagnosis 
of patency of the ductus artcrio.sus, and consists mainly in introducing 
a thin trocar into tlic left brachial artery, maintaining an Esmarch 
ligature below or behind this site, and injecting a radiopaque substance. 
The contrast medium passes in a retrograde, or centripetal, direction 
into the left subclavian artery and the arch of the aorta, and the hitter 
stands out in gi-eat contrast. If there is patency of the ductus arteriosus, 
some of the contrast medium appears in the pulmonary artery after 
ha\'ing passed through the ductus aidcriosus itself. 


COKCLU.SIONS 


1. We were the first to demonstrate that the heart cavities and great 
vessels can he visualized by injecting a radiopaque substance into a 
peripheral vessel. 


2. This procedure, which we call angiocardiography, is the mos 
accurate method for diagnosing cardiac abnormalities 

3. The technique is easy, and it can be done wherever there is roenl 
genograpluc equipment. 

4. The interpretation of normal and pathologic anaioeardimrram 

does not present any difficultie.s. anoioeauuogi am, 

5. In view of its rapidity and accuracy^ aimiocardioornnhxr 
dispensable in the study of heart disease. 
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THE SEHOEOGIC BEACTION IN CAimiOVASCUbAli. SyniHAS 
■WaliTKii Beckii. Bax FnAXCiseo, Oaiaf. 

W HENEVEll the eUuieiau is confronted, in dillercntinl di!if,niosis, 
with cardiovii.seiihir syphilis, the (ineslion ininiediatcly arises: IJow 
often is the serolo-ic reaction positive in syphilitic heart diseaw' 1 That 
the answer to this cpiery is usually not very clear is a rellection of the 
indefinite state of aflairs which exists in regard to the. serologic situation 
ill cardiovascular syphilis. The study presented here was nndcrtaluMi 
to clarify this point. In’ iuldition, an attempt was made to ascertain 
what other criteria may he of aid, beyond those now known, in making 
a correct clinical diagnosis of cardiovascidur syjdulis. 

Since the Wasserniann reaction was first described, over thirty-live 
3 'ears ago,' its aid in the diagnosis of .sy])hilitic heart disease has been 
invoked. However, a glance at the literature (Tabic I) regai-ding the 
incidence of positive serologic te.sts shows a wide discrepancy of figures. 
Tlie reasons for this are several. First, in numerous reports the per- 
centage of .seropositivity lias been arrived at by ascertaining its incidence 
in cases in wliicli tlie clinical diagnosis was cardiovascular .syjdiiHs. 
Althougli the clinical diagnosis of aneury.sm and aortic insnflicieney can 
he made in many eases with a fair degree of cert.ninly, this becomes tin 
entirely different matter in eases of uncoinjilicatcd aortitis. In a paper 
published in 19.32, itioorc, Dangladc, and Ecisinger' listed certain 
criteria for the clinical diagnosis of aortitis, hut further review of their 
diagnostic points did not sub.stantiate the conclusions they liad voaelicd. 
14,19,20 rpjig diagnostic criteria set up by Itlaynard"’ may be an an.swer 
to this problem, but so far not enough data have been aecnmnlated to 
be convincing. It may therefore be inserted tliat at present, the diag- 
nosis of uncomplicated aortitis is generally considered impossible. 

Second, another source of error in accepting the figures in the litera- 
ture lies in the fact that Uie sensitivity of the 'Wasserniann react ion lias 
undergone Hecpient and marked clianges. Increasingly .sensitive tests 
have been added to our serologde armamentarium. We find that prac- 
tically all studies have included a large percentage of cases dating back 
to an era in which the Wa.ssennanu test, by modern standards, wa.s cpiite 
insensitive. Such reports can tliercfore be only mi.sleading when the 
incidence of seropositivity in cardiovascular syphilis at the prc.seiil time 
IS considered. 

??r), I' •■i.n 

PrancKsco Department of Public Health ^ ranci.^co Ho.«i|)ltaI ; and tlio .s.-in 

Presented at the mcotine of the Cailfornia Heart A.soeiation, Del Monte. May 2. 
Hecelved for publication Juno 1, 1942. 
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Tinrd the q«e.stioii of treatment previous to study is one frequently 
not mentioned, a point which admittedly may be of great sig-nificaiice. 

And, fourth, a liistory of a previously positive serologic reaction or 
a Jiistory of previous aiitisyphilitic treatment might be of great aid in 
making a diagnosis. 


This report presents a review of 100 consecutive cases of cardiovascu- 
lai syphilis, diugnosed at autopsy, in which the histories provided ade- 
quate data for study. These eases were for the most part from the 
Stanford Medical Service of the San Francisco Hospital, although six 
had been patients at the Stanford Medical Service at Laguna Honda 
Hospital, the chronic disease division of the San Francisco county in- 
stitutions. These patients came to necropsj’- between March 1, 1933, 
when the laboratories of the San Francisco Department of Public Health 
added the Kahn test to the alread}’’ routine Wassermann reaction, and 
January 12, 1942. The serologic tfeehnique was altered at no time dur- 
ing this iieriod. In the evaluation of serologic positivity there have been 
included in the seropositive group all those cases in which there was a 
positive Wassermann or Kahn, or both. 


In a survei^ of the data, ive find, in contrasting the varieties of lesions, 
that there was no essential difference in the distribution of aortitis, 
aortic insufficiency, and aneurysm between the seropositive and the 
seronegative group. 

In studying the effect of previous antisypliilitic treatment on the 
Wassermann and Kahn reactions (Table II), the figures suggest that 
therapy is only of moderate importance. 


Table II 

Effect op Treat jient 


On Serologic Reaction in Cardiovascular Syphilis 


treatment 

seropositive group I 

87 cases 

seronegative group 

13 CASES 

‘ ‘ Much ’ ’ 

10% 

31% 

^'Little” or none 

73% 

62 % 

Uncertain or unknown 

17% 

7 % 


“Much” treatment — twenty or more injections o£ a trivalent arsenical anci a cor 
responding amount of 'bismuth. 

“Little” treatment — less than this amount. 


The average age in the seronegative group tvas 69, as against 55 m 
the seropositive, wdiich is iierhaps an indication of spontaneous ariest. 

In view of the small number of cases in the seronegative group, the 
data thus far can be taken merely to indicate a trend. Because we 
think that the clinical diagnosis of sypliilitic aortitis in the uncompli- 
cated form is still impossible, the figures in Table III concerning the in- 
cidence of positive reactions in uncomplicated aortitis are, for the pres- 
ent at least, mei’ely of academic interest. Despite the high incidence o 
positive Wassermanns (86 per cent), the clinical diagnosis o aoi 1 1 
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Table III 

TuE Incidence op a Positive Serologic Rilvoiton in CARDiovAScuLiVR Syphilis 


PATHOLOGIC 

DIAGNOSIS 

NO. OP 
CASES 

1 

SEROPOSITIVE 

1 SEROPOSITIVE 

OR HISTORY OF POSITIVE 
SEROLOGIC REACTIONS 
OR HISTORY OF TRE-IT- 
MENT 

Aneurysm or aortic insuf- 

49 

43 

47 

ticicncy or both 


(SS%) 

(96%) 

Uncomplicated aortitis 

51 

44 

(86%) 

46 

(90%) 


was not made in a single instance. However, tlie figures may be of some 
importance because they are at A'ariance with the statement of Gouley 
and Anderson,^" who said, in 1940, that “it is now well known that the 
Wassermann and Kahn tests are negative in about 30 iier cent of the 
patients who at necrops}^ exhibit sj'philitic aortitis.” 

In aortic insufficiency and aneurysm, the diagnosis is made with con- 
siderable certainty in many instances, but at times the clinical problem 
is very vexing. Therefore, our data are of ijarticular interest. 

In Table III the clinically diagnosable group of cases, namely, those 
with aneurysm and aortic insufficiency, has been separated from those of 
uncomplicated aortitis. Of the 49 ea.ses in this former group, in 43, or 
88 per cent, there was a positive Wassermann or Kahn, or both, on the 
first examination. However, -when to this figure we add those seronega- 
tive patients who gave a history of a previously positive test or of previ- 
ous antisj^philitic treatment, the percentage total increases to 96 pef 
cent. This is important because a history of previous antisyphilitie 
treatment or a in'eviously positive serologic reaction is uiformation that 
is readily obtainable from the patient and is not subject to individual 
misinterpretation such as a “hi.story of syphilis” which maj^ in reality 
represent ljunphopathia venereum or a mere herpes genitalis. 

SUJIJIARY .VND CONCLUSIONS 

A study of 100 cases of cardiovascular syphili.s, diag^wsed at uutopsg, 
in which the serologic reactions had been done by a modern technique, 
is presented. Of 49 cases of aortic insufficiency or aneurysm or both, in 
43, or 88 per cent, there was a positive Wassermann or Kahn or both 
on first examination. Of 51 patients with uncomplicated aortitis, 86 
per cent had a positive serologic reaction. In none of the cases of 
aortitis was the diagnosis made clinically. 

Of the 49 patients with clinically diagnosable cardiovascular .syphilis, 
i.e., aortic insufficiency or aneurysm or both, 96 per cent had either a 
positive Wassermann or Kahn or both, or a history of a positive Was- 
sermaun in the past, or, lastlj", a histoiy of iirevious anti.syphilitic treat- 
ment. 
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AN AITAUFA’T CAli.SAl* ^IKdllANlSM oK 

TIIIKBIBOSIS OF THK AXlLhAlJV ANO 
SUBCliAVlAN VK1N8 

.lonx .1. Sami'sok. M.n. 

.SaK (jM.ir, 

T ITKOMBOSIS of the axillary aiul suhflaviaii voiii;; may In- imiis. f] by 
infortion of ro-ioiis ndjaccnl lo. or <lraiii<'<i l.y, vrins. by lo- 

vjisioii or romprossion liy iiroplastir lissur. by diiii'! t-xtarnal iraoma. 
or by .snnu! mikiuAvn mci-liainsm ndiitHl to forcfUtl <ii' siistaiio-d niotloni 
of tho shouUb'v "irdlo or arm on lb<* afiVclrd xidr. Tln> diimno-itii' trno. 
primary or cTfort llmmibosis, is applii’d !<• tlic casi’S ibat mil into ilii- last 
croup, and it is witli tliis croup Ibal tins pajx r is solely eouia riu d. 

Altlioucii Ibo litrraturo on pi-iinary ihromlatsis of tlif axillary ami 
subclavian veins is inereasinu. and exeelletil review.s on ibis snbjr-ef bavi* 
been j)ublislied by Matas.’ ilammarin.- ami others, the condition is not 
common. In most ijislanct's only sincle cases are reported. The cioht 
case histories jircsented by (Jonld and I’atey constitute the largest scrie.s 
invosticated l).v an.v worln-rs. There has been a sincnl.ar paucity of re. 
ports iji the American literature. In this pajter. live <ms(- histories from 
the ]\Icdicnl Division of liie Fniversity of C.alifornia Hospital are tue. 
senled. and an explanathni of the causative mechanisms is (tftered. 

Pace!/ in ISTo. d(‘scribed sponlanecms tbroinliosis of the viuns of the 
upper extremity under the classinealion of "conty pldebitis,'" ain! 
cited similar eases rejiorled by MacUctr/.ic. in It'ti’i, and Hinnjihry, in 
1861). bnt the first adc<inatc clinical rccocnition <»f the eondition is mu- 
crall.v ci’cdited lo von .SchnM'tteiv' in ISSl. Considerable time (dajiscd 
between this rei>orl and the ceneral awahetiinc of ititeresl in tin- cots- 
dition, bcoinninc in IDll, in Cermany, Creat Britain, h’lanec, ami 
SM’itr.erland.''"’* 

The eotidition usually oeeiu's in licalthy younc males who are en- 
caged in vigorous muscular activity, bnt it may occur at any age from 
cliildliood onward.’'’ and in either sex. As woidd be expecl<'d, the ri'Mit 
arm, l)eeanst; oi its more general use, is more fnspiently affected than the 
left. Paggi’- tonnd that the ratio of involvmnent of t!i(> rinht arm t<» 
the lell. was 2.a to 1. The onset may he heralded by ))!iin in the shouhler 
or arm, or it may lie jiaiidess. Tnrgidity and edema may develop in 
the arm immediately after the stispeeled eans.'ilive (‘fforl. or hotn-s <(r 
da 3 's may ela])se hetwe.en the apparent cause and the .sitms of a Ihrom- 
msed vein The .skin is n.snally cyatmlie; the sttjmrfieial veins of the 
ar^id tho eollatoral veins of the shoulder and upper imrt of the clicsl 

KecGH'ed for juiblJcntlnti .luuo t, liM2. 
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are often distended within a few iioui-s after the onset of edema The 
venous pressure has been found by Veab« to be elevated; both he and 
Cottalorda^^ reported elevated systolic and diastolic brachial arterial 
blood pressure on the affected side. A palpable, tender cord is often felt 
in the region of the bracliial and axillary veins shortly after the onset of 
signs and symptoms. Local signs of inflammation rarely are found. 
With rest of the extremity, the edema and stiffness may subside in as 
short a time as five days, but they usually last from two to eight weeks, 
and often recur ivith active use of the arm for five or six months and oc- 
casionally for as long as six years."® Operative removal of the thrombus 
has been advocated in order to facilitate more rapid recovery."’ "®’ 

The types of precipitating effort vary considerably, and may be classi- 
fied as f ollow’S : 


Tj'pe 1 . No unusual effort or niotion. 3 , ic, 20, 21, 22 


Type 2 . Lifting of lieavj’ -weiglits.i. 23-20 


Type .S. Long sustained and moderately vigorous activity involving the arm or 
arms and .shoulder girdle: 

a. Holding a high-spirited riding horse with the left hand (left arm in- 
volved)." 

b. Holding back a team of driving horses.2" 

c. Bowing a boat.22 

d. A police officer struggling to hold an arrested person.28 

e. A soldier loading and unloading a piece of field artillery.ss 

f. Long stirring of heavy pudding mixture.so 

g. Scrubbing clothes for a long time.io 

h. Carpentry work, presumably sawing and planing.so 

i. Throwing a ball or a rock.io- 3i 

3. Playing a strenuous game of golf (left arm involved).-'* 
k. Patient pushing himself up in bed.ss 

Type 4 . Minimal effort involving frequent or sustained elevation of tlie arm 
or arms over the head; 

a. Screwing in curtain rods high over head.^ 

b. Placing jars on a high shelf . 3 

c. Cleaning a ceiling .3 

d. Hanging meats on high hooks.!® 

e. Exercises of elevating arms over head.sz 

f. Sleeping with arms extended upward under the head.!® 

Man}'- eases in wbicli no precipitating effort was reported may have 
been examples of Tj'^pe 4. A careful history perhaps would have le 
vealed a period of unusual elevation of the arms. 

Five cases of primary thrombosis of the axillary and subclavian veins 


ire presented. 

CASE •L-(Figs. 1 and 2). D. E. J., 30 years of age, was ^ 
ieep-chested, right-handed, healthy appearing man whose natural postu 
hat the shoulders were held back and the clavicles were ^"^ected upnard and 
eriorly. He entered the University of California Hospital Novembei , ' jj 

:eek earlier, after pitching a baseball, he had noted_ a pulling pain ^ 

nd the deltoid region, followed by mild soreness which disappeared c P ^ 
welve hours. On the next day the entire right arm felt numb for five minutes 



Sampson: thrombosis op axilbarv and subclavian veins 315 

he had pitched a baseball. He noted tenderness on pressure in the right axilla for ii 
week, but pain did not recur until the day he entered the ho.spital. About four 
hours prior to entry, after pla3’ing a set of tennis, lie noted swelling of the right 
forearm. After he had played two more sets he noted that his entire right arm was 
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swollen and cyanotic and he felt an aching pain and numbness throughout the arm 
from the shoulder to the hand. The pain disappeared in half an hour 

Physical examination revealed that the posterior curvature of the right clavicle 
was greater than that of the left. The entire right arm, to the shoulder, was swollen 
cyanotic, and moderately indurated. The superficial veins of the hand and arm as 
rvell as the superficial collateral veins over the shoulder and upper right pectoral 
repon, were dilated. A tender, firm cord extended from the region of the brachial 
vein into the riglit axilla. At time of entry the blood pressure was 135 /73 in the left 
and 140/70 in the right, arm. After complete rest of the right arm for six days’ 
the Wood pi-essure was 124/60 in the right, and 134/70 in the left arm, and the 
swelling and cyanosis had subsided. At time of entry the rectal temperature was 
o8.4 C.j and the leucocy^te count was 12,000 j both returned to normal within six davs. 
At time of entry, the venous pressure in the left arm was normal; the veins in the 
hand collapsed at about the level of the third rib wlien the patient was in the erect 
position. The venous pressure in the right arm was elevated ; the veins in the hand 
collapsed 30 cm. above the level of the third rih. The veins over the right shoulder 
and the pectoral region had hecome very prominent and showed appreciable upward 
and niediud blood flow. One week after discharge the venous pressure in the right 
arm fell to 15 cm. of physiologic salt solution. 

The patient was discharged after one week of liospital cave. He was examined at 
intervals during the succeeding six months. Slight swelling in the arm continued 
for about three months, and thereafter was noted only after activity. The tender 
cord in the region of the brachial and axillary veins hud disappeared. 

This case may be classified as Type 3. The pliysical wojk involved in throwing 
the baseball was vigorous and unusual. The striking feature in this case was the long 
delay between the onset of the pain which probably represented the initial trauma 
and the occurrence of the thrombosis as a sequel to the secondary trauma of the 
tennis game. This patient had increased venous pressui'e and arterial blood pressure 
in the affected extremity. His partial clinical recovery was prompt. 


Case 2. — (Figs. 3 and 4). S. P. M., a woman, 62 years of age, had had chronic 
paranasal sinusitis, emphysema, and bronchiectasis, the latter chiefly in the left lower 
lobe, for at least six years prior to observation in the Out-Patient Department of the 
University of California Hospital on December 31, 1935. A left-sided phrenicectomy 
had been done for relief of the last mentioned condition three years earlier. The pa- 
tient had marked kyphosis, arthritis of the thoracic spine, and anterior protuberance 
of the upper portion of the sternum. The clavicles weib' directed upward and pos- 
teriorly in her natural erect posture. Two weeks previously, after more than ordinary 
housework, cyanosis and swelling of the entire left arm and hand, without pain, had 
set in; this condition had continued unaltered to the time of entry into the hospital. 

The left arm and hand were of a mottled, bluish color, and the superficial veins 
in the extremity and over the shoulder and left pectoral region were distended. No 
thrombotic vein was palpated, but there was tenderness in tlic axilla. The blood pres- 
sure was the same in both arms, namely, 150/80. After resting the extremity for 
one week, the swelling and cyanosis disappeared. A year later there was no apparen 
difference in the two arms, although the left arm ached occasionally on motion. 

This case may be classified as Type 1 or Type 3. 

Case 3.— E. M., 37 years of age, was a slender, well-developed man with a some 
what broad and deep upper chest; his clavicles were directed slightly upua 
posteriorly in his normal posture. He was a dishwasher in a lestauiant, an * 
stantly used the left hand more than the right. Three months, and again one < 
one-half weeks, prior to Ids entry at the University of California Hospita on 
eemher 5, 1934, he had had attacks of pleurisy on the left and right sides success . , 
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narlvcd when he was in a reclining position or when he elevated the ami. He con- 
ued oik and the arm became increasingly swollen and cyanotic. At the time 
of his hospitalization tlie engorged veins extended from the extremity over the 
shoulder to the margin of the left stcrnoniastoid muscle and over the upper pectoral 
region to tlie sternal border. Tlie left infraclavieular and scapular regions were also 
.slightly indurated. No thrombosed veins wcre'-felt in the left arm or axilla. Tlie 
blood pre.ssure was not recorded. There was only slight improvement with re.st dur- 
ing the sixteen days of hospitalization. The patient was not followed thereafter. 

^ This case may be classified as Type 2, for the left arm and shoulder were used 
vigorously in dishwashing. 


Case 4. — 1\I. M., a housewife, 48 years of age, entered the University of California 
Hospital July' 7, 1019, with complaints referable to generalized arthritis and pes 
planus. She was deep-chested. Four years prior to admi.ssion, after no unusual effort 
other than routine liousework, .‘••he had observed swelling and cymnosis of the riglit 
hand and forearm whicli liad extended rapidly to the entire right arm and shoulder. 
A tender lump had been noted in the right axilla. A diagnosis of a thrombosed vein 
in the axilla had been made. Tlie swelling had receded gradually over a period of 
four months and liad not recurred. She had had no pain. At the time of her hos- 
pital entry in 1919, the liglit arm was .slightly larger than the left and the superficial 
veins ivere more distended, not only' over the arm but also over the upper right anterior 
portion of the chest. The blood pressure was not recorded. 

This lesion may be classified as Ty’pe 1. No obvious traumatic activity occurred. 
The persistent recurrence for a period of four years of the sig-ns and symptoms of 
thrombosis after work involving the right arm was an interesting feature of this case. 


Case 5. — E. P., a carpenter, 22 y'ears of age, a broad, deep-cliested man with good 
muscular development, entered the University' of California Hospital March 14, 1916, 
after intense phy'.sical activity' (sawing, planing, and lifting wood). On March 12, 
he noted swelling of the entire right arm from the hand to the shoulder. When he 
resumed work on March 13, the arm became blue and painful and the superficial veins 
became increasingly' di.stendcd. Upon pres.sure over the axilla, pain radiated down 
the medial surface of the arm. 

Examination revealed that the right arm was mottled, reddish-blue in color, swollen 
and indurated, and the superficial veins and venules in arm, axilla, shoulder, and 
pectoral region were distended. A tender cord was palpated in the region of the 
brachial and axillary' veins. Six day's later the swelling had subsided, and only' a 
trace of the induration was noted on discharge ten day's after admission. 

This case, precipitated by' vigorous use of the I’ight arm in carpentry', may he 
classified as Ty'pe 3. 


The hypotlieses concerning the pathogenesis of this condition may^ be 
summarized as follows ; 

1. Von Schroetter® stated that trauma of the wall of the vessel was 
caused Ijy stretching the subclavian and axillary veins and h.y com 
pression, hut he did not give a precise definition of the forces involved. 

2. Willan”^ believed that the compressing force was between the media 
border of the pectoralis minor muscle and the first rib, and that stietc i 
ing of the vein occurred. 

3. Goilld and Patey' believed that the pressure of the subclavros miis- 
ele on the vein lying on the first rib was the most important traumati 
agent. Others, including Aschoff,” Lohr,” and later mvesttgatois tenta- 
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tively assumed that tlie suljclavius muscle oi- the clavicle and tlie firsl, 

idb ^m•e the impovlaut compressiiif' aiienls. 

4 Cadenal- and Lahaussois- presented the theory that d.s enl.on 
oi the suhclavian vein from increased respiratory cflort preceded the 
traumatic compression and eontrihuted to it. This conception was ac- 
cepted hy Lowenstein,^^ Veal and ]\rcFctrid-e,='-‘ and others. 

5 Coltalordad^ Lohr/'-^ and, more recently, llammann- su-fiesled tlmt 
primary or secondary spasm of the vein was induced hy Uie trauma am 
tliat thromhosis was not. nccc.ssary for venous ohst ruction. Oceasionai 
operations which failed to reveal a thromhus in the vein conhrmed tins 
hypothesis.''" 
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THORACORCAOMtAL ARTCRY 
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Fig. a. — Anatomic relationshipB of the axiUaJT vein, illustrating the costocoracolA llgn- 
ment -which cros.se.s that ve.s.sol. (Itcproduceil froni l.owensteln.’') 

6. Lowenstein"' demonstrated the anatomic rclationsliips of the costo- 
coraeoid ligament and pre.sented the liypotlie.si.s tliat comjirossion of the 
axillary vein was produced hy that ligament, at a point 3.') to 4.1 imii. 
distal to the cro.ssing hy the vein of the highest point on tlie first rib 
(Fig. 5). 

7. Veal and McFetridgc"® .stated that the comjiression of the vein 
which is responsible for the thromliosis occurred in tlie axilla between 
the abducted head of the humerus and the suhclavius muscle. Thev 

demonstrated this hj^iothesis hy diodrast visualization of the veins (hhtr.s 
6 and 7). ■ v b- • 

8. Lastty, Benda,^" i^foure and i^rartin,-''" and others believed that a 

hematoma m Bie axillary region was often respon.sihle for the comiires- 
sion oi the vein. ^ 
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111 1940, Sampson, Saunders, and Capp'^ presented the hjiiothesis that 
partial compression of the subela\ian vein by the e]a%dele or subclavius 
muscle and tlie first rib is not an uncommon occurrence, and is respon- 
sible for the distention of the superficial veins of the anterior shoulder 
and pectoral region that is frequently seen. They stated that persons 
vith liigli, horizontally curving finst ribs and upwardly and backivardly 
directed clavicles tend to .show this clinical picture because of compres- 
sion of the .subclavian vein in the fir.st third of its course (Fig. 8). 
Collateral circulation, which results from the ob.struetion of the main 
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deep channels, increases the pressure in, and the size of, tlie superficial 
veins. Persons who tend to have these prominent veins usually have 
broad chests and good postures, with shoulders naturally held hack. 
Cases were presented to demonstrate that obstruction of the subelaidan 
vein is increased by a voluntary backward thrust of the shoulder girdle 
without elevation or abduction of the arras (Fig. 9). Thus, those efforts 
or postures that produce backward and upward (posterior and eephalad) 
motion of the clavicles tend to obstruct the blood flow in the subclavian 
vein even if the force of the motion is small and is unassoeiated with 
abduction of the arms. Consequenth’, spontaneous thrombosis of the sub- 
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danaii vein may occur as a result of the efforts classified as Types 3 and 
4, sucli as holding the arms over the head to clean a ceiling. 

2rany investigators have stated previously that the zone of compression 
of the subclavian vein may be between the elamcle and the first rib, but 
they have not specifically defined the site or the agencies responsible for 
the compression. However, Lowenstein®' and Veal and McPetridge^® 
located the compressed segment of the vein lateral to the zone designa*ted 
by Sampson, Satuiders, and Capp.« In Fig. 7, from Veal and HcPet- 
ridge, the radiopaque material does not reveal the subclavian vein prox- 
imal to the axilla. Although a compression of the vein in the axilla is 
demonstrated, a more proximal zone of compression may also have been 
present without being shown in the illustration. 



ff .-Vnatomic relationships of the suhciav/an vein* iJIustratin^ its 

first rib under the subciavius muscle and clavicle in a narrow snace. 

?o the scSfenus anticus muscle. Elevation of the clavicle tends to ohl.terate this space. 
(Reproduced from Sampson, Saunders, and Capp. ) 


The mechanism and the zone of compression are weU illnstrated m a 
case of Eobb and Steinberg.^ During a diodrast injection for ' 

tion of the heart, the patient’s arm was extended over his 
radiopaque blood was held in the vein distal to the pom o 
and, after nine seconds, began to flow partially past an ohstvncUm n 
that point. Eoentgenograms taken prior to the time of 
obstruction confimed this observation, and another, taken shortly 



SAT^Il’^OX: TllUOJinOSlS OF AXIM^AUV AND Kl’ilCI.AVIAX VF.INS 


;} 2 :^ 


tlio parlial relnrii of How Ilii-ou^li l!io «iil)a)aviaii voiii, cloai'ly sliowcd 
tlu\t the area of compression was iinniodialely proximal lo the crossiii^JT ol 
(he first rib by the vein (Fi;-:. 10). The paticnl had an aenlc (hrornbosis 
of the subclavian and axillary veins a.s a scfinel lo Ibis incideiil. 'I'liis 
ease illnslralcs a donble canso for the local tlirombojthlobilis, namely. 
eoniprc.s.sion which slowed Ibe blood How, and an irritant, the diodi'asl. 
A similar case was tliat of a jrirl, thirleen years of aue. mi wliom diodrast 




n. 


[ 


and Capp.«) eIc^atlon or the arms, («cprodill.J.TVrom 
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visualizatiou studies were made for diagnosis of a congenital heart lesion. 
No apparent defects were noted in the peripheral arteries or veins. A 
roentgenogram taken approximately eight seconds after the injection of 
diodrast into the median basilic vein, with the arm extended over the 
head, .showed that part of the radiopaque blood had flowed into the su- 
perior vena cava, but much of it was held in the subclavian vein distal to 
the point of apparent obstruction which was immediately proximal to 
the crossing of the first rib (Fig. 11). A roentgenogram taken approx- 
imately three seconds later showed the blood again flowing past the ob- 
struction, and an angulation of the .subclavian vein as it crossed under 
the clavicle into the innominate vein. The zone of compression was 
shown by narrowing, l]‘ans]iarcncy, and what seemed to be longitudinal 
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folding of the vein (Fig. 12). These hvo cases confirm tlic liypof!ie.sis 
offered in this paper, rather tlian Die hypotliescs offered by Lowonsteiji 
and Veal and McPetridge. 
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It 3S the additional intention to present in this paper the possibility 
tliat the disease in all four classifications of activity may have resnlte'd 
from a predisposing anatomic configuration of the clavicles and first 
ribs. The hjiiertrophy of the subelavius muscles that should occur in 
muscular, athletic men and women may be a contributing factor. In the 
numerous cases reported in the literature, no data are given to confirm 
this hypothesis. But in Cases 1 and 2 the characteristic rib and clavicle 
relations were demonstrated by physical examination and roentgen- 
ographie studies (Figs. 1, 2, 3, and 4). The routine method of taMng 
roentgenograms of the chest was used in these two cases; this consists 
of having the patient extend his arms forward around the easette, which 
tends to tliroAV the shoulders forward. Thus, the roentgenograms show 
the clavicles in a lower position than normal, as illustrated in the photo- 
graphs. Studies of chest and clavicle positions were not made in Cases 3, 
4, and 5. 

It is conceded that with sufficient trauma or other anatomic variation, 
thrombosis may occur without the causative factors presented herein. 

COKCLUSIOIVS 

1. Five cases of primary thrombosis of the axillary vein have been pre- 
sented. 

2. The clinical picture has been described, and these cases, as well 
as eases from the literature, have been classified according to types of 
physical activity" which produce the lesions. 

3. Compi’ession of the subclavian vein, resulting in thrombosis, often 
may be caused by a posterior and eephalad rotation of the clavicle that 
narrows the space between the subelavius muscle and the superior margin 
of the inner thixxl of the first rib through which the vein passes. This 
position of the clavicles may result from uprvard or backward motion of 
the shoulder girdle wdthout abduction of the arm. 

4. The hypothesis is presented that bodil}^ build and postui’e, associ- 
ated with broad, horizontally curving first ribs and posteriorly directed 
clavicles, predisposes to this condition, as well as to chronic compression 
of the subelaman xmin. 
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BATE OP PEBIPI-IEEAL BLOOD PLOW IN THE PRESENCE 

OP EDEMA 

David I. Abrmison, M.D., Sidney M. Pierst, j\I.D., and 
Kamillo Plachs, M.D. 

Cincinnati, Ohio 

•"THE effect of edema upon the rate of blood flow in the extremities 
has been studied by a number of investigators. Harrison and 
Pilcher^ found that edema of tlie leg, whether caused by cardiac disease 
or other conditions, was accompanied by a high venous oxygen con- 
tent and a low femoral arteriovenous oxygen difference. They considered 
their results to indicate that there is a greatly reduced consumjition of 
oxygen by edematous tissues, and, further, tJiat tJie rate of blood flow 
through these tissues is increased. Weiss and Ellis,- however, using the 
same method, were unable to confirm the results obtained by these work- 
el’s. They observed no relationship between the degree of edema and 
the arteriovenous oxygen difference. Purther, in the same subject the 
readings for the edematous lower extremity were nearly the same as 
those for the nonedematous upper extremity. They, therefore, inter- 
preted their data to indicate that there is no increase in blood flow in 
the edematous leg. 

Since the procedure used in the above investigations gave only an in- 
direct measure of the rate of blood flow, and since the results obtained by 
the two groups of workers were contradictory, it Avas considered ivortli 
while to reinvestigate the subject, using the venous occlusion plethys- 
mographic method. 

jiethod 

The study was performed upon seven patients with edema of one extremity, upon 
five patients witli edema of both lower extremities unassociated with organic cardiac 
disease, and upon seven patients with edema of both lower extremities caused by 
chronic congestive heart failure. Blood flow readings, in c.c. per minute per 100 
c.c. of limb volume, were obtained separately upon the hand, forearm, or leg, ac- 
cording to the technique previously described.s TJie room temperature was main- 
tained between 25° and 27 ° C., and the bath temperature at 32° C. In the case of 
the forearm, the cuff utilized in applying the collecting pressure was wrapped around 
the arm just above the elbow, and, in the case of the leg, around the thigh just 
above the knee. With respect to the hand, the pressure was applied to the forearm, 
about three inches from the wrist. These steps were taken in order to minimize 
the possibility that, during a blood flow reading, edema fluid might be expressed 
from under the cuff into the portion of the limb in the plethysmograph, and thus 
produce an artifact. The only objection to this procedure, as compared with placing 
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the cuff around the extremity immediately proximal lo its insertion into the ma- 
cUine, is that the readings might possibly be somewhat smaller 
flow value. In addition, when studying the forearm and leg, special precautions 
were taken witli respect to the cuffs at the wrist and ankle, winch were utilw.ed m 
preventing arterial inflow into, and venous return from, the Imrid and foot, re- 
speetivelv, during a blood flow measurement. Since there was a possibility that the 
application of the arterial occlusion pressure migiit result in a movement of edema 
fluid from the wrist or ankle into the lower portion of the segment of the extremity 
under stud}', and since this might continue for some time after the step was per- 
formed, it was considered advisable to apply and maintain the pressure for at least 
three or four minutes before obtaining a blood flow reading. 

For the group with edema of only one extremity, the rcsiills ohtainod on the 
contralateral normal limb wore u.scd as a control. In the eases of edema of both 
lower extremities, either because of conge.stivc heart failure or other conditions, the 
data obtained on a series of ninety normal subjects, previou.sly reported,'' wore u.«ed 
for a similar purpose. 

Besides blood flow measurements, blood pressure, circulation time,* and venous 
pressure studies were made upon many of the patients. 


RESULTS 


The readings obtained in the finst group of snlijects, in whieii cdcnia 
of only one extremity tvas present, are sliotvn in Table I. In the case 
of D. li., the left upper extremity tvas moderately edematous as a result 
of pressure of metastatic carcinoma on axillary structures; Die rale of 
blood flow in tlie edematous hand tvas significantly greater than on the 
contralateral control side. Subject B. B. presented a hratvny type of 
edema of the left hand caused by breast neopla.sm and lympliatic in- 
volvement, and again the flow was greater than on tlie normal side, al- 
though the difference ivas not as marked as in D. R. In two subjcclSi 
edema of one hand occurred in the period immediately after the onset of 
hemiplegia. As controls for these patients, blood flow readings were ol)- 
tained in a group of ten sub.jects with a similar type of hemiplegia, but 
ivithout edema. There was no significant difference between the rate of 
lilood flow in the paralyzed hand and the normal hand in this group. 
With respect to the tivo subjects with edema, in one (E. D.) the blood 
flow' in the edematous hand -was definitely better than that in the contra- 
lateral side, whereas, in the other (A. A.), the figures were approximately 
the same for both the edematous and nonnal hand. 


Of the two subjects whose forearms ivere studied, in one (E. K.) 
there was marked edema of the left upper extremity, but the right side 
ivas normal. This patient had definite signs of congestive lieart failure, 
as indicated by the presence of edema of both the loiver extremities a 
circulation time of tiventy-seven seeond.s, and a venous pressure (right 
arm) of 27.6 cm. of water. There ivas no explanation for the edema of 
the left upper extremity, but it ivas not regarded as a manifestation of 
he^ailure because of the fact that it involved only one of the upper 

by with ■■Decholin," UinUly furnisheej 



330 


AMERICA?? HEART .TOUR?JAL. 


Table I 


Bate of Blood Blow jk Edematous Extremities, Compared With Coxtralateral 

Control Side ^^awvieral 


SUB- 

JECT 

1 IXWOLVEP SIDE 

1 CONTROL SIDE 

REMARKS 

EXTREM. 

VOL. 

B. F, 1 

EXTP.EM. 

A"OL. 

B. F. 

D. E. 

L. hand 

i 

ii.6 

R. hand 


0.2 


Kflaal 

L. hand 

460 


R. hand 

323 ; 

.3.3 


JU. V. 

K. hand 

630 

16.2 

L. hand 

1 

1 

i 

■ 

4.9 

B. Arm L. Arm 
Vempres. 10 cm. 13 cm. 
B.P. 172/110 168/112 

A. A. 

R. hand 

486 

4.9 

L. hand 

300 

5.4 


E. K. 

L. forearm 

740 

4.9 

E. forearm 

485 

1.8 

L. Arm E. Arm 
;B. P. 142/70 140/66 

D..T. 

L. forearm 

740 

1.7 

E. forearm 

420 

[ 2.0 

1 L. Arm E. Arm 

B. P. 142/98 150/100 

tv. H. 

R. leg 


4.0 

L. leg 


1 2.6 

1 


F, — Rate of blood flow in c.c. per minute per 100 c.c. of limb volume. 

. Vol. — Volume of extremity in plethy.smograpb, only included in table in those 
instances in which the same length of involved and normal extremities was studied. 


limbs. In any event, the rate of blood flow in the edematous foream 
was definitely greater than tliat of the normal side. In the other sub- 
ject (D.J.), brauTiy edema occurred in the left forearm after radical 
breast amputation for carcinoma ; there was no significant difference in 
blood flow between the involved and control sides. In the last subject 
of this sei’ies (W. H.), the right lower extremity was moderately edema- 
tous as a result of metastasis from a prostatic carcinoma ; the blood flow 
in the affected leg ivas definitely greater than that in the normal side. 

In the second group of patients, edema of both loiver extremities, un- 
associated Avith congestiAn Iieait failure, aa^s present; the arm-to-tongue 
circulation time in each instance Avas A\nthin the range for normal suh- 
jeets (Table II). With re.speet to M. W., no explanation could he of- 
fered for the moderate degree of edema of both legs, except that there 
Avas a history of thrombophlebitis tAventy years previously". Both pig- 
mentation and eczema Avere present in the skin, possibly as a re.sult of 
A^enous and Ijunphatie inAmhument. In the case of B. E. and H, E., there 
Avere no signs of dietaiy deficiency, but both subjects admitted haA"ing 
imbibed large quantities of beer over a long period of time. H. W. 
showed all the classical signs of a neplirotic symdrome, and J. P. had a 
history of soft tissue abscesses for the preceding thirteen y^ears, assow- 
ated Avith chronic brucellosis, and Avas now suffering from amyloid dis- 
ease. 

In respect to the rate of blood flow in the edematous lower extremities 
in this series, examination of Table II reveals that in all instances t e 
figures Avere either someAvhat or definitely beyond the average lan^e 
of 1.4 c.c. per minute per 100 c.c. of limb Amhime, o- -0.5, o serA e m 
the control subjects. 


Standard deviation. 
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Table II 


Rate of Blood Blob" in 


Edematous Leos, Enassociated 
Heart Failure 


WTth Congestive 


SUB- 

JECT 

disease 

BLOOD 
FLOW IN 
LEG 

CIRCUIA- 
TION 
TIME IN 
SEC. 

19 

BLOOD 

PRESSURE 

l‘^S/82 

RE-MARKS 

M. W. 
E.E. 

? 

Cirrhosis of 
liver 

2.2 

. 

i 12 

I 

154/50 

.. 

H. E. 

Cirrhosis of 
liver 

' O 0 \ 

1 

18 



R. 2.T 

L. .1.2 

12 

120/74 

Veil. pres. (fern, vein), 0 cm, 
H.O; pl'Asma eholcslerol, 283 
mg. %‘i sertiin protein, 4.0 
■ mg. %; A;G nitio, 0.0, 
P.S.P., 75% excrcHon in 1 
hr. ■ 

H. W. 

1 

Nephrosis 

J. P. 

Amyloidosis 

2.4 


132/70 

Positive Congo red test. Albu- 
minuri.T, ca.sl.s. No hcmatu- 
vin. 


Blood flow in c.c. per niin. per 100 c.c. of limb volume. 


In tlie third group of patients, edema of lioth lower extreinitie.s ivas 
associated ivith definite signs of chronic congestive heart failure; the 
ann-to-tongue circulation time ivas significantly increased in each in- 
stance. In two of the eight patients (H. N. and M. 0.) , auricular fibrilla- 
tion had replaced normal sinus rhythm. Subject P. C. had mitral steno- 
sis and congestive heart failure, and was also in the eighth lunar month 
of pregnancy. 

Table HI 


Kate of Blood Flow in the Edem.itous Leg and IfoNEDE.MATou.s Forearm of 
Patients Witu Chronic Congestiat. Hb.uit Failure 


SUBJECT 

BLOOD 

FLOW 

CIRCULATION 
TIitE IN 
SEC. 

LEG "WITH 
EDEMA 

foreak.m 

H.N. 

1,1 



A. S. 

1.9 


23 

P.C. ' 

1.4 

3.4 

29 

J.B. 

2.5 

1..3 

47 


1.3 

1.1 

39 

M. C. 

1.7 

3.2 

22 

P.M. 

1.2 

2.0 


M.O. 

1.4 

3.9 



REMARKS 


Auricular fibrillation 

Eiglvtlv lunar montlv of preg- 
nancy 

2+ ccicma of leg 
No edema of leg 

Auricular fibrillation 


Blood flow in c.c. per min. per 100 c.c. of limb volume. 


As a whole, the blood flow readings obtained in the edematous legs 
in these patients (Table III) tvere smaller than those observed in the 
second group, in which the edema was of noncardiac origin. All the 
figures for the cardiac patients, however, fell witliin the range of the 
results obtained in the normal series (1.4 e.e., o- -0.5). The ease of 
J. B. IS of -special interest, for measurements were olitained iviien tlie 
edema was present and again after it had disappeared as a result of 
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treatment. Examination of Table III reveala that the .second «din» 
ni tlie leg was delinitel.v loss than the (ir.st; the Hood flow in the non” 
edematous foreanu was the same on the two occasions. With the excep 
tion of P. C., the measurements on the forearm in all the subjects with 
chronic congestive heart failure ivere within the normal range of 1.8 
e.e. pel minute per 100 c.c. of limb volume, a —0.7. As previously stated 
subject P. C. was in the eightli lunar month, and the increased' eircula- 
tion may have been caused by this fact, for it has been shown tliat, in 
some .subjects, an augmentation in forearm blood flow may occur during 
the latter two trime.sters of ge.station." 

DISCUSSIOX 

When the I'enous occlusion pleth.v.smographie method is utilized in 
the study of the rate of peripheral blood flow in edematous extremities, 
certain objections can theoretically be raised. The first po.ssibility, 
namely, that edema fluid might be forced into the segment of the limb 
under stud}' by the application of either the venous or arterial occlusion 
pressure, has been adecpiately dealt with, we feel, by our method of plac- 
ing the blood pressure cuffs. Further, any sudden increase in limb 
volume produced in this way could readily be identified on the record, 
for it would produce an abrupt change in the slope of the curve. All 
blood flow records which shou'ed a sudden initial rise and then a more 
gradual ascent were eitlier discarded or only the latter portion of the 
curve was utilized in the measurement of rate of blood flow. Another 
possible objection is that the presence of edema fluid might mechanically 
slow the rate at which the limb volume increases on application of the 
collecting pressui'e. Since the accumulation of blood takes place for the 
most part in the thin-walled veins, it is conceivable that edema fluid 
might act to prevent the rapid filling of this system and thus cause some 
obstruction to the continued flow of blood into the limb. This might re- 
sult in obtaining a rate of blood flow which would be smaller, but cer- 
tainly not larger, than that actually present. 

Another factor which must be taken into consideration when compar- 
ing the peripheral circulation in an edematous extremity with that in 
a nonedematous one is the fact that in each case the reading is expressed 
as the number of e.c. of blood flow per minute per 100 c.c. of limb Aml- 
ume. The volume of the portion of the extremity in the plethysmograph 
is obtained by water displacement, and hence, in the case of the edema- 
tous limb, a considerable amount of edema fluid is included in tins figure. 
This is clearly shown (Table- 1) in those instances in Avhich the same 
length segment of edematous and normal extremities Avas included m 
the plethysmographs. In each case the volume of the involved limb Avas 
gi-eater than that of the contralateral control side. If the figures tor 
limb volume could be corrected for the inclusion of edema fluid, oD- 
Adously the blood flow readings for the edematous extremitieyn all ot 
our cases would become gi-eater. It is a good possibility that the valu 
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for the involved extremity in the case of A. A. and D. d. would, under 
these circumstanecs, be greater than those for the normal side. 

Since there is a definite spread of blood flow readings in any series 
of normal subjects, there may be an objection to eomi)aring the average 
for the group with the results obtained in a small number of ])atients. 
We do not consider this to apply, liowcvcr, to the observations on the 
subjects with bilateral edema unassociated with elii-onic congest ivo heart 
failure, for, in every instance, the readings were beyond (lie upper 
range of the normal scries. Besides, as in the ease of the fii’st grouj), 
correction for tlie factor of edema fluid in tlie volume of the limb would 
have further increased the magnitude of the blood flow reading.s in the 
edematous extremities. Whctlicr this factor alone would have, been suf- 
ficient to raise the average rate of local blood flow in the involved limb 
in congestive heart failure to a level above normal is diftieult to state. 

It would seem, then, that the peripheral circulation in an edematous 
extremity, unassociated with organic involvement, of the heart, is, for 
the most part, increased, and certainly not. decreased. The explanation 
for this observation is not clear. An elevated venous j)re.ssin’e is not, by 
itself, an important factor, for, in a number of our eases, the venous 
pressure was normal, and, never! heles.s, the blood flow was increased. 
Further, it lias been ob.served tbal, in pregnancy, in wbieli a bigli fem- 
oral venous prc.ssiiro is produced mechanically by the enlarging uterus,'’ 
the peripheral circulation through tlic leg remains witliiu normal limits 
in at least the last two trimesters,'' a period during which the venous 
pressine is the highest. It is generally accepted that edmna fluid in- 
terferes with the normal interchange of o.xygen between the iilood stream 
and the tissues and witli the removal of the various end products of 
metabolism. It is conecivahle, then, that the anoxia re.suUing therefrom 
or the accumulation of vasodil.-itor substances locally, or both of these 
factors, might be effective in producing arteriolar va.soflilalation and an 
inci'ease in blood flow to tlie part. 


SUJniAKY AXD COXCIAJSiOX 

The peripheral circulation was studied in a .series of nineteen ])a- 
tients who had edema in eitlier a single ni)])er or lower extremity or in 
both lower limbs. The venous occlusion plethysmograjihie metliod was 

used to ascertain the rate of blood flow separately iii tlie hand, forearm 
and leg. ' 

It was found that the peripheral circulation in edematous extremities 
unassociated with organic lieart disease, was, for the most part, increased’ 
and certainly not decreased. In respect to the patients with ehronie con’ 

fed ft readings on the edematous limbs 

fell within die range of those obtained on normal subjects. 

The possible circulatory mechanisms which are responsihlc for tho 
changes m peripheral blood flow in edema are considered. ‘ 
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INVESTIGATIONS CONCERNING VITAL CAPACITl 

Desiderio Gross, M.D., Santiago, Chile 

S INCE having been established neatly a century ago’^ as a quantitative 
measure of respiration, measurement of the vital capacity has found 
universal clinical application because of the ease ^Yith which it is done 
and its utility in clinical orientation, especially witli regard to heart 
disease. Vital capacity measures the extensibility of the lungs, and is 
inversely proportional to the degree of engorgement of the lungs. 
Measurements of vital capacity enable us to estimate quantitatively the 
degree of pulmonary congestion, and thus, together until the other hemo- 
djmamie data, affords a clearer view of circulatory conditions. Its 
measurement is therefore considered indispensalile in eases of heart 
disease. 

The present study treats of some new aspects of spirometric research 
which have, in my experience, not only theoretical, but jiractical value. 

According to the classical definition, the vital capacity is the volume 
of air, in cubic centimeters, ivhieh can be expelled by maximum expira- 
tion after maximum inspiration. For the actual study, the minimum 
duration of the expiration that represents the vital capacity wa.s ascer- 
tained. In this way, two values were obtained; the vital capacity and 
the minimum duration of the forced expiration. Dividing the vital 
capacity by the number of seconds thus ascertained, we arrive at the 
value for the velocity of spirometric respiration. By this term we 
understand that quantity of air wdiieh corresponds to tlie average 
velocity of the quickest expiration. 

In order to characterize more exactly the respiratory function in rela- 
tion to spirometric determination of the maximum volume, I looked for, 
and found, by means of a manometer, another respiratory factor ; the 
expiratory pressure. Following the definition of vital capacity, I ascer- 
tained the maximum pressure which the subject will generate W'hen ex- 
haling into a manometer after having inhaled as deeply as possible. 
The altitude of the mercury column represents the maximum expiratory 
pressure. Thus the maximum volume and pressure during maximum 
inspiration and expiration were ascertained. 


METHOD 


The vital capacity was measured -vviHi Baines’ dry spirometer, with the patient 
standing. At least two measurements were made, and the larger or largest was 
ta en. After a five minutes’ rest, the minimum duration of maximum, expiration 
wns measured in the following way: The subject, who has been instructed, after 
comfortably completing the deep inspiration, e.xhales as rapidly as possible and 
ca^taken that, during the violent expiration, no air e.scapes at the sides of the 
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moutlipiece. The physician, chronometer in hand, observes attentively the inde:^ 
tulje of the spirometer. He takes note of the instant Avhen the tube iLicates the 
entrance of the air in the spirometer, and stops the chronometer when the upward 
nioiement of the index tube has reached its end. In general, increasing tlie 
velocity of expiration does not depress the numerical value of the vital capacity. 
Tlie differences between the spirometric quantities, as measured when taking into 
account the time factor and measured without doing so, mu.st not exceed 100 or 
200 c.c. If this should not be the case, despite a reasonable rest, the measurements 
must be repeated. 

In any case, two measurements are made. To ascertain the velocity of the spiro- 
metric expiration, the one is utilized that takes the least amount of time, the 
respiratory' volumes being equal, or the one that exhibits, for the vital capacity’, the 
value nearest the one previously established. 

Tlie expiratory' pressure was measured with the Baumanometer (portable or wall 
model) in the following way: The cuff connection of the apparatus was joined to 
a rubber tube 50 cm. long, identical with that used in the spirometer. The subject 
was instructed to inhale as deeply as possible, and then to exhale into the tube of 
the manometer violently, so that the mercury column of the apparatus would rise 
as far as possible. The subjects were standing during this procedure. Although 
this has been done on hundreds of patients, and marked elevations in the intra- 
pulmonaiy' pressure have been observed, no accident whatever has happened, either 
to healthy or ill persons; this is in contradistinction to cases in which Burger ’s< 
test was applied. As to the usual complaint about congestion in the head, felt 
in different degrees from a slight ache to giddiness, it can be stated that these 
symptoms will completely disappear in a few minutes. 

RESULTS 

Healthy Persons (Table I). — In a group of thirty healthy persons 
whose ages varied between 15 and 54 years, the results were as follows: 
The average vital capacity was 4600 c.c., with valuations between 5500 
and 4000 c.c., which figures, although they were not related to the sur- 
face area of the body, are normal. The minimum time for exhaling 
the ^dtal capacity volume was, on an average, 3.4 seconds, with a range 
from 4.2 to 2.9 seconds. The velocity of spirometric respiration tvas, on 
the average, 1340 c.c., and individual values varied betiveen 1660 and 
1110 c.c. The average maximum expiratoiy pressure was 119 mm. Hg, 
and the range was from ISO to 86 mm. 

The possibility of a correlation between the fundamental respiratory 
factors led to an inquiry into the behavior of the vital capacity in rela- 
tion to the expiratory pressure, using correlation indexes. Since tlie 
correlation index showed variations between 59.5 and 30.4, i.e., a 
ence of 100 per cent, it became evident that there was no intimate rela- 
tion between the vital capacity and the expiratoiy pressure. These wo 
factor's are independent of each other. It is true that in cases of laig 
tytal capacity the expiratoiy pressure is often high and %aee > 
there is no constant relation. On the other hand, the J the 

metric respiration does exliibit a rather constant ^ 

absolute Talue for the vital capacity, as well as with t / 

nresslire The correlation index, Tel./l'.O., averaging 0.2, ^ ^ ‘ 

tions not exceedmg 31 per cent (0.36 to 0.24). Similar eonstanc, P 



GROSS ; lXVi;STKiATIOSS 


CONCKJlNlN<i Vn'AI, 


CAI’Af'l'l'y 


'rAuu; 1 


KnuJiAi; I’nisoNS 


xo. 

AGE 

(YK.) 

VlT.Mi 

C.M’ACITY 

(C.C.) 

r.xvnt. 

TIMV. 

(SEC.) 

Exrin. 
vj:i.oeiTV 
(C.C. I'Et: 
SEC.) 

Exrii:. 

v.r. 


VEIi. 

I'UV.SSl l*l* 

(MM. ng) 

V. 

v.r. 

"oli.'r 

0.25 

0.28 

0.20 

o.;i3 

0,.l.j 

0.33 

0.28 

0.2.1 

0.28 

0.2S 

0.21 

0.24 

n. 25 
0.33 
0.21 
0.28 

0.20 
,, .1.1 

0.20 
0.28 
0,25 
0..31 
0.3 1 
0.35 
0.27 
0.32 

o. ;i I 
0.31 
0,32 

r, 

“sTs " 
12.0 
10.0 

8. .8 
tl.'l 
11.8 
,8.8 
12.0 
10.0 

14.2 

11.2 
10.4 
11.8 

10.4 

11.4 
M.2 
M.3 

0.7 

10.1 

10.0 

n.4 

n.i 

lO.t 

11.7 

12. Or 
10,0 
M.O 
12.2 
10.1 
14.3 

1 

o 

3 

4 

5 

G 

7 

S 

fl 

10 

11 

12 

13 

14 

15 
IG 
17 
IS 
10 
20 
21 
22 

23 

24 

25 
20 

27 

28 
2D 
.30 

H 

H 

5.100 

5500 

5300 

5200 

5100 

5100 

5000 

5000 

4800 

4800 

4700 

4700 

4700 

4GOO 

4500 

4500 

4300 

4400 

4400 

4300 

4.300 

4300 

4200 

4200 

4200 

4100 

4000 

4000 

4000 

4000 

3.0 

3.7 

.3.0 

3.4 

3.0 

3.0 

3.0 

3.5 

4.0 

3.0 

3.0 

3..1 

4.1 

4.0 

3.0 

4.2 

3.0 
:’..4 
,3.0 

3.4 

.3.0 

.3.7 

.3.2 

2J» 

2.8 

• / 

3.1 

2.0 

3 ” 

.yi 

1400 

1380 

1470 

1500 

1000 

1000 

1000 

1400 

1200 

1280 

1.350 

1200 

1130 

It. 10 

1480 

1.350 

1230 

MOO 

MOO 

1200 

1140 

nin 

12,10 

1410 

1520 

1110 

1280 

1.3.10 

1270 

I2(>f) 

l.!S 

115 

1.35 

170 

M3 

MO 

ISO 

MO 

no 

00 

120 

n5 

05 

110 

130 

05 

.8(5 

M.l 

13,8 

125 

100 

inn 

120 

120 

120 

20.1 

no 

110 

10.1 

DO 

.>0,.> 

47.8 

30.2 
30.5 

35.7 

30.4 

27.8 

45.4 

43.0 

53.3 

30.1 

40.. 8 
.10.5 

41. . 8 

34.0 
40.7 
.12.3 
.30.4 

31.0 
.34.1 

43.0 

43.0 
.3.3.0 
.'1.1.0 
:i5.o 

30.0 

30.3 

30.3 

38.1 

41.4 

9 


4000 

3.4 

1.3)0 

110.0 





V. C. =: Vital capacity. 
Vel. = Velocity. 

P. = Pre.‘;sure. 


vails in the index, Ycl./Ex)). Press., wliieli avera^c.s 31.3. It eovei's a 
range of 39 per cent, and its exlrcinos arc 14.3 and 8.8. 

All llii.s can lie .stinimed up as follows: The resiiiralory vcloeify is a 
function of the vital capacity as well as of the cxjiiratory jircssiirc, i.c., 
it is in direct pro])oi-tion to them. 

OUniwl Applicalion . — To study the eharaet eristics of diminution of 
the vital capacity from various causes (cardiac and ])iilinonary), jiii- 
tients vitli .severe heart failure and others with bronchial asthma and 
emphysema, without heart failure, were eliosen. The ten cardiac pii- 
tients (Talile II) had .severe congestive failure, although with difi'erent 
degrees of dy.spnca, eyanosi.s, edema, and engorgement (pulmonary, 
hepatic). They were, on an average, 50.G years of ago. The vital ca- 
pacity averaged 1630 c.e., hut, in an extreme ca.se, it was reduced to 
as little as 600 c.c. The velocity of expiration was 3.4 .seconds, which 
was the .same as that of the healthy pensons; hut, since cardiac patient.s 
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Table li 


Decreased Vital Capacity as a Result of Heart Hailure 


NO. 

age 

(YR.) 

vital 

CAPACITY 

(C.C.) 

EXPIR. 

TIME 

(SEC.) 

EXPIR. 
■VELOCITY 
(C.C. PER 
SEC.) 

EXPIR. 

PRESSURE 

(MM.Hg) 

CLINICAL DIAGNOSIS 

1 

2 

40 

00 

KM 

2.4 

5.0 

540 

425 

45 

45 

Decomp, aortic insufficiency 
Decomp, mitral disease 

o 

4 

39 

64 


3.0 

3.6 

430 

010 

50 

50 

Decomp, aortic insufficiency 
Decomp, arterioscl. heart dis. 

0 

56 

ISUU 

3.9 

460 

65 

Decomp, hypertens. heart dis. 

o 

44 

600 

2.0 

300 

70 

Decomp. mitral disease 

7 

56 

2000 

3.1 

030 

70 

Decomp, arterioscl. heart dis. 

8 

42 

2100 

2.6 

SOO 

70 

Decomp. hypertens. heart dis. 

9 

52 

2100 

5.0 

410 

70 

Decomp. hypertens. heart dis. 

10 

53 

SOO 

2.9 

275 

70 

Decomp. aortic insufficiency 

Aver- 

age 

50.6 

I^hh 

3.4 

488 

61 



with congestive failure need the same time as healthy persons to exhale 
their reduced vital capacity volume, which is only one-third of that of 
tlie health}'- persons, that value means nearly a tripled duration of ex- 
piration, and the fact that the velocity of spirometric expiration aver- 
aged 488 c.c. per second is in perfect accord -with this. 

The most important abnormality was in tlie expiratory pressure. It 
was reduced to 45 mm. in the extreme cases, and averaged 61 nun., or 
half of the normal value. There was no correlation between the vital 
capacity, rate of expiration, expiratory velocity, and expiratory pres- 
sure. Individual factors accounted for the respective values. 

Table III 

Decreased Vital Capacity Caused by Pulmonary Disease 


NO. 

AGE 

(YR.) 

VITAL 

CAPACITY 

(C.C.) 

EXPIR. 

TIME 

(SEC.) 

EXPIR. 

VELOCITY 

(c.c. per 

SEC.) 

EXPIR. 

PRESSURE 

(MM.Hg) 

CLINICAL DIAGNOSIS 

1 

43 

2000 

4.0 

500 • 

130 

Empliysema, chronic hroncli. 

2 

62 

1200 

3.2 

370 

125 

Emphysema, chronic bronch. 

3 

47 

2200 

4.6 

480 

120 

Asthma 

4 

53 

2100 

3.1 

670 

120 

Asthma 

5 

56 

1200 

3.6 

280 

115 

Asthma 

6 

60 

1000 

2.8 

350 

110 

Asthma 

7 

56 

600 

6.4 

94 

100 

Emphysema, clironic bronch. 

8 

45 

1100 

6.1 

180 

100 

Asthma 

9 

60 

2000 

3.7 

540 

100 

Asthma , , 

10 

50 

2400 

3.6 

660 

100 

Emphysema, chronic broncli. 

Aver- 

age 

52.6 

1580 

4.1 

412 

112 

— 


The ten patients with decreased vital capacity as a result of pulmo- 
lary disease (Table III) were nearly of the same age as the cardiac 
.atients, i.e., 52.6 years. They exhibited a still more marked 
,f the vital capacity (average, 1580) but, on the other 
oratory velocity averaged 4.1, which value indicated s ‘ 

a accordance with the average value for the velocity of p 
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i-es|>ivatio«, i.c., 412 l-a.' With v«,h-h u. (Ik- niton, li.ms of 

vital caiMcilv atitl ilnration tmil voUtoity itf os|,ivatimi, tlioso iv.itionta 
showed chaniios similav to (hut more inarhed thaii^ tln^se of the envduw, 
patients, but. tlic behavior of the oxjnvatovy in-essuvo. was v(‘ry diftertnU; 
i.e., it was normal or only slightly reduecd (avei-aue valius IVimm.). 

Combination of the spiromotrie data witli measurements of the re- 
spiratory pressure allows us to i-eaeh an objeetive difierential diaiiiiosis 
of the causes of redueed vital capacity, either eardiae or pulmonary. 
A normal or slightly decreased expiratory )»vessuve indicates a jndmo- 
nary origin, whereas a marked diminution of the pressure is eharacter- 
istic of cardiac disease. 


By ai)plying the procedure described above to tyjdeal cases ol either 
pulmonary or eardiae disease, it was possible not oidy to estisblish tin* 
alterations eharaetoristie of oitber, Inil also to make iin e(io[iatliologic 
analysis of the intervening faelors in eases in wliieli pulmonary and 
eardiae diseases eoexislcd. 
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Table IV gives data on ten comjdex eases. The first j)atiej)t suffered 
from bronchial asthma. lie wa.s examined during an atlaelc. This cuse 
was characterized by a relatively low cx))iralory pi-essure, indiealin<>- 
some kind of heart failure. Tim patient had a .symptom of .slight, heart, 
allure, namely, fatigability, oven apart from the allaeks. Ills heart, was 
‘ .V enlarged, especially the right auricle and ventriele T •nid T 

i.Z'a*ccM™ ’ ™ 
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Case 2 was similar in every respect. 

In Case 3 the patient showed electrocardiographic alterations sug- 
gestive of damage of the myocardium, a moderate diminntion of the 
vital capacity, slow expiration, and a moderate decrease in the expira- 
tory pressure, indicating cardiac disease. 

In Case 6 the situation was the same, except that the pulmonary 
factor was more marked. 

In Cases 4 and 5 (lironchial asthma, in free interval) there was no 
heart disease, for the vital capacity was only moderately decreased, the 
expiratory pressure Avas normal, and the expiratory velocity was nearly 
normal. 

In Case 7 the patient had a A'alvular lesion and lieart failure, with 
marked dyspnea and edema, hut, as a discordant factor, a normal ex- 
piratory pressure. This is certainly not frequent, and must he ex- 
plained in the f ollorving rvay : The patient, when in a state of perfeet 
compensation^ must have had an elevated expiratory pressure. His 
actual pressure, although apparently relatively normal, was already 
a reduced pressure rvliich would sink still lower if the heart failure were 
to continue. 

In Cases 9 and 10, the patients were suffering from valvular lesions, 
but had no heart failure. It is striking that these patients should 
respond normally, although their expiratory pressures Avere clearly 
higher than normal. 

Table V 


PSEUDONOKJrAL VITAL CAPACITY 





EXPIR. 

tlME 

(SEC.) 

EXPIE. 

EXPIE. 



AGE 

(YE.) 

VITAL 

VELOCITY 

PEESSUEE 

DIAGNOSIS AND CUNICAD 

NO. 

CAPACITY 

(C.C.) 

(C.C. PEE 
SEC.) 

(MM. 

hg) 

CONDITION 

1 

53 

4000 

5.9 

670 

75 

Arteriosclerotic licsui 

disease, compensated. 

2 

65 

3700 

4.1 

900 

80 

Arteriosclerotic heart 
disease, slight decom- 
pensation. 


45 

3600 

4.6 

780 

60 

Aortic insufiiciency, 

o 



myocardial lesion, 
slight decomp. 




4 

5 

44 

50 

3500 

3100 

7.5 

4.6 

460 

750 

95 

60 

Silicosis. . . 

Mitral and aortic msut- 
ficiency. Slight dc- 







compensat. 

6 

60 

3300 

4.9 

680 

1 

SO 

/Arteriosclerotic heart 
disease, myocardial 
damage. 

7 

42 

3300 

4.0 

820 

70 

Myocardial degenera- 
tion. 



3200 

8.4 

360 

60 

Aortic aneurysm, np®' 

8 

45 

cardial damage. 

9 

50 

3100 

3.6 

830 

65 

Myocardial degenera- 
tion. 1 

10 

65 

3100 

5.4 

570 

SO 

HjTei'tension, slight cc- 
fomnensation. 
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Table V presents aata on patients with pseudonor.nal vital eai.aeity 
Althougli these persons had a normal vital eapaeity, the symptoms and 
signs indieated marked patbologie alterations. It is in these r,ses tl.at 
the results of the si>irometrie, and eliiueal examination eonf radicl eacli 
other. But, on investigating the resiiiralovy veloeity and the ('Xi)H'atory 
])ressure, we ibid that, behind tlie normal vital eatmeity. a pathologie 
situation is hidden. Thus it is that, by deeper inye.stigalion of the 
respiratory function, we recognize the real situation in cases in wliicli, 
in spile of tlie a])i)ai'ently ])athologic stale, tlie vital capacity could be. 
classified as normal. 

nis(n:ssu>s 


In general, the following functional factors determine the numerical 
value of the vital capacil.v; (1) the cardiac laclor, (2) the ]>nlmonarN 
factor, (3) the muscular factor, and (4) the psyclutlogical factor. 

The cardiac factor has (o do witii l!ie blood volume iti the lungs. 
Pulmonary engorgomeni increa.ses the lilood pressure? in tlie pulmonary 
circulation and, with the hel)) of changes in inlrapnlnnmary gas ju'cs- 
sure, biochenucal alterations, and alterations in the ca])illary perme- 
ability, ])rodueos judmonary edema and a diminution in tlu? air volume 
of tlie lungs. 

The pulmonary factor omhraccs imlimmary elasticity and the amount 
of functioning alveolar Jiiombrane, lioth of wliich may he rcduc(?d by 
empbysoma or disease of the ))areneliyma itself. 


Although, under normal eonditions, oxi)iration is a ])assive art, forced 
expiration, or expiration against re.sis1anec, is the result of a inuseular 
efi’ort in wliieh all the exiiiratory m\i.se!es, 7ioi-mal and aiixiliary, par- 
ticipate. Tliercforo, tlie vital ea))acity may l)e decreased tlinnigh 
muscular insuffieienc.v, allhongli. i>roperly speaking, no ahnonnalities 
cither of the circulation or of rcs]>ivation exist. I’his occurs iu i‘as«'s of 
Addi.son’.s disease, Graves’ disea.se.- and jnyxedema. The muscular 
factor also pla.vs an imjiorlant. role in diminution of tlie vital eajineily 
caused hy cardiac disease. Iksyehic factors, such as will ])ower. spirit 
of cooperation or competition, or vanity jij-ovolced l)y indifferenee, mav 
modify the vital capacity. 

Although lliere arc ahundaut jdiy.siologie and clinical oiiservations on 
vital capacity, not many incasureincni.s of tlie i»re.ssurc generated during 
forced expiration have heeu made. On measuring llie maximum expira- 
tory pressure in three pei’son.s, Sennet-'’ found a range fi'om fiO to 120 

mm. ITg, and Biirgev’ states that the maximum value for hoalthv per- 
sons is about 140 mm. Hg. 


My studies indicate that healthy ])er.sons can produce, on the average, 
a pre.ssure of 119 mm.; this implic.s an am])le range of higher values' 
but a narrow range of lower one.s. The pre.ssure during maximum ex’ 
piration does not depend on the vital capacity, but is related to the 
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slrongth oI tlic expiratoiy muscular apparatus. Henderson,^ ISppino-er 
and Budelmaiin'' have, by dii-ect measurements, observed the diminution 
in the tonicity of muscles in eases of cardiac insufficiency. To explain 
the diminution in vital capacity in cases of infection. Pries' has ac- 
cepted Eppinger’s theory that, in serous inflammation, the cause is an 
alteration in capillary permeability, which may produce a diminution 
in the tonicity of the muscular apparatus. The latter is directly re- 
sponsible for the diminution in the vital capacity. . The decrease in the 


expiratory pressure in eases of cardiac insufficiency illustrates again the 
often observed fact that there is diminished tonicity of the muscles in 
such cases. In absolute conformity with clinical observations regarding 
the strength of the respiratory muscular apparatus in cases of asthma 


or emphysema, not complicated by heart failure, the maximum expira- 
tory pressure is normal, in spite of factors which tend to obstruct ex- 
piration. 


CONCLUSIONS 


1. A new spirometrie iirocedure of investigating the respiratory func- 
tion, that adds to the factor of volume those of time and pressure, is 
described. 

2. By measuring at the same time as the vital capacity the minimum 
duration of the quickest possible exhalation of a volume equal to the 
vital capacity, we obtain the velocity of spirometrie respiration by divid- 
ing the vital capacity by the expiration time. The velocity of spiro- 
metric respiration is that air volume that enters the spirometer per 
second. It represents the average of the quickest possible expiration. 
Furthermore, the maximum expiratory pressure is measured; tliis 
corresponds to the respiratory movement, and is, in a sense, identical 


with the vital capacity. 

3. The standard values for healthy persons for each of the respiratory 
factors, as well as the correlations between them, are established. There 
is no relation between the vital capacity (volume) and the expiratory 
pressure (strength), i.e., they are independent of each other, whereas 
the velocity of spirometrie respiration depends on the vital capacity, as 


well as on the expiratory pressure. 

4. Any decrease in vital capacity that is caused predorainantl.y hy 
cardiac disease is characterized by prolongation of the expiration tune, 
decrease in the velocity of spirometrie expiration, and, above all, by 
a marked decrease in the expiratory pressure that, in typical cases, sinvs 
below half the standard value. 

5. Decreases in vital capacity that are caused primarily by pnnio 

nary disease are , characterized by a more marked Pf ^ ^ 

pirTtion time, by'a distinct decrease in the velocity of 

Lst of all, by the fact that the expiratory pressure is normal or ha . 


altered. 



GROSS : INVESTIGATIOKS CONCERNING VITAL CAPACITY 


343 


6. The decrease in expiratory pressure in cases of cardiac insuffieiencj' 
is explained hy a diminution in the sti-ength of the respiratory mrrscrrlar 
apparatus. 

7. The diagnostic signs (spirometric data) relatirrg to the specific 
differences betweeir dimhrutioir of vital capacity caused by cardiac arrd 
pulmonary diseases are established, aird the coircept of pseudonormal 
vital capacity is defiired. 

8. The fact that a person has a normal vital capacity does rrot prove 
that he has a rrormal respiratory fiurctioir. Other factors, sir eh as time, 
velocity, arrd expiratory pressure, must be considered. 
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THE EFFECT OP THE INTEAVENOUS ADMINISTEATION OP 
LANATOSIDE 0 UPON THE OUTPUT, DIASTOLIC VOLUME 
AND MECHANICAL EFFICIENCY OP THE FAILING 

HUMAN HEAKT'^ 


John S. La Due, M.D., New Orleans, La.,! and C4eorge Fahr, M.D., 

j\'IiNNEAPOLis, Minn. 


■P\URING a stiidj^ of the response of patients with heart failure and 
■L-' normal sinus rhythm to the intravenous administration of lana- 
toside C,^ it was noted that the volume of the pulse inereased within 
tliirty minutes after injection of the drug. Subsequent observation 
showed that this alteration in pulse volume was associated with an ele- 
vation of pulse iiressure, a decrease in the circulation time, and some- 
times with a significant drop in the venous pressure within one-half to 
two hours after administration of the drug. Since an increase in cardiac 
output might well account for these phenomena, it was decided to check 
this function and other circulatory measurements before and after the 
intravenous administration of lanatoside Cj: to patients with severe 
heart failure and normal sinus rhythm. 

When the action of a digitalis glycoside is studied in the laboratory 
on an experimental animal, a mercury manometer is used to measure 
the systolic and diastolic Wood pressure in tlie carotid artery; a cardiom- 
eter is fitted over the ventricles in order to ascertain the sj'stolic and 
diastolic heart volumes (the difference between the two is equal to the 
sum of the output of the left and right ventricles) ; a stromuhr records 
the volume of blood flow; and the venous pressure in the right auricle 
is measured with a water manometer. 

In investigating the effect of lanatoside C upon a Starling heart-lung 
preparation,^ we noted that the addition of a little chloroform to the 
air winch is going to the lungs of this preparation causes the heart to 
dilate and the venous pressure in the left and right auricles to rise. 
The blood pressure remains constant because of the constant resistance 
in the system, and the stroke and minute output may x’emain the same 
or decrease moderately. (This experiment is the paradigm of acute 
heart failure of moderate degree.) If lanatoside C is now added to the 
blood leaving the venous reservoir, the dilatation of the heart soon dis 
appears, the venous pressure falls to noimal, and the output of the 
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iieart increases. If large amounts of chloroform are taken up by the 
blood passing through the lungs, much greater dilatation is produced, 
the venous pressure rises markedly, and the cardiac output decreases 
materially. (This represents acute heart failure of high degree.) In 
such a preparation the addition of lanatoside C to the circulating blood 
usually causes some decrease in the diastolic volume of the dilated heart 
and in the venous pressure. If the cardiac output has been markedly 
reduced, it may or may not increase after the lanatoside has been added; 
rarely will it return to the previous normal value. 

Experimental studies of the effect of digitalis upon the output of the 
heart depend upon the state of that muscle when the drug is given. 
Sehweigk® showed that the hypodynamic frog heart responds to the ad- 
ministration of digitalis lanata with an increase in minute volume. 
Similarly, failing heart-lung preparations of both eats and dogs re- 
spond to digitalis with an increase in the cardiac output and a de- 
crease in the heart volume. Bijlsma and RoessinglP and Plant'* found 
that strophanthin diminished the size and increased the stroke output 
of failing hearts which had been poisoned with cldoral hydrate or phos- 
phorus. Similar observations have been reported by Cohn and Steele® 
and by Anitschow and Trendelenburg.' Peters and Visscher® and Moe 
and Visscher® have demonstrated that digitalis and lanatoside C in- 
crease the mechanical efficiency of a failing heart-lung preparation. In 
these investigations the work of the heart was kept constant, and it 
was noted that the administration of the cardiac glycoside produced a 
decrease in the diastolic volume of the heart and a diminution of its 
oxygen consumption per gram meter of cardiac work. Such experi- 
ments prompted us to study, in man, changes in cardiac output, dias- 
tolic heart volume, venous pressure, work of the heart, etc., after the 
intravenous administration of lanatoside C. 

Reports on the action of cardiac glycosides upon the stroke output 
of the human heart in the presence of failure are contradictory. Some 
investigators have found that the minute volume was increased, others 
have reported that it was decreased, and some could detect no change. 
Stewart and his co-workers,^® using the Grollman acetylene technique’^^ 
for measurement of the cardiac output, found an increase in cardiac 
output and a decrease in the area of the roentgenographie shadow of 
the heart. Grassmann and Herzog^® followed changes in the stroke out- 
put of the hearts of decompensated patients who received strophanthin, 
intravenously, using both the acetylene technique and the method of 
Bioemser and Ranke. In many instances they noticed an inez’ease in 
cardiac output within fifteen minutes after injection of the drug. 

Harrison and his associates,^'* however, failed to secure consistent re- 
sults with the Grollman method. IMcGuire, Hauenstein, and Shore *® 
who employed both the direct Pick*® and the Grollman technique, also 
found that the effect of digitalis upon the cardiac output was variable. 
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In our opinion, the actual stroke output of the left ventricle eaiiuot 
3e measured accurately by the Grollmaii technique, or even by the direct 
hick method if aortic or mitral insufficiency is present. Tliese proce- 
dures measure only the amount of blood that moves onward in the 
aorta. The methods of Broemser and of Bazett, et al.,^^ measure tlie 
output of blood from the left ventricle in the presence of aortic insuf- 
ficiency, but do not aeeoiint for all the blood pumped by the left 
ventiicle when there is mitral insufficiency. It is possible that some 
mitral regurgitation may occur in many cases of heart failure asso- 
ciated with dilatation of the left ventricle, and the methods just men- 
tioned will not measure ventricular output aceuratel.y in such instances. 

Keys and FriedelP® have perfected an ingenious method of ascer- 
taining cardiac output from roeutgenkymogi-aphic measurements. Con- 
figurations of the heart during systole and diastole are traced from the 
roentgenkymograms, and the diastolic and systolic areas are then meas- 
ured unth a planimeter. The diastolic and systolic volumes of the heart 
can be computed from the planimetric measurements by means of the 
Iveys and Friedell foiunila. Tlie difference betiveeu the diastolic and 
systolic volumes is an index of the cardiac output. 

The teleoroentgenkymogram supplies data, analagous to those secured 
from cardiometer tracings of the heart-lung preparation, for both meas- 
ure changes in systolic and diastolic heart volume, hleasnrements of 


venous and arterial pressure in man are comparable to those of ri 
auricular and aortic pressure in the heart-lung preparation. The work 
done by a heart-lnng preparation can be computed for any given period 
from the product of the stroke output times the mean blood pressure. In 
man, measurement of tlie ■o'orlt of tlie left ventricle in gram meters can 
be calculated by multiplying the stroke output by the mean blood 
pressure. 

The diastolic volume of normal and pathologic liearts can be ascer- 
tained accurately by the roentgenkymographic method of Keys and 
Friedell, hut the true systolic volume cannot he ascertained by this 
method because the roentgeiilcj-mograph records the shortening of car- 
diac diameters only in the transverse direction, and not in the sagittal. 
For this reason, the difference between the diastolic volume and this 
modified systolic volume turns oirt to be approximately the output of 
one ventricle, rather than of two. Keys’ formnla will give accurate 
values for the cardiac output of one ventricle of the average normal 
heart, but it cannot be said that this formula will accurately estimate 
the cardiac output of one ventricle in all types of heart disease.^ How- 
ever, the teleoroentgenkymogram does show the increase in cardiac ou - 
put associated udth aortic and mitral regurgitation Avluch the ioreign 
gas methods cannot measure. In our experiments u e use t le 
nique described by Keys and Friedell because we hoped to measure _ 
changes in both the diastolic heart volume and cardiac output < 
the intravenous administration of lanatoside C. 
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Increases or decreases in the diastolic volume of the heart are impor- 
tant because, as Starling and Visscher’® and Hemmingway and Fee^“ 
have demonstrated, the oxygen consumption of the heart muscle is 
directly proportional to its diastolic fiber length. From measurements 
of the oxygen consumption of the heart and the actual work done by 
the heart, its mechanical efficiency can be computed. When there is 
cardiac enlargement, the stroke volume of the left ventricle, as obtained 
by the Keys and Friedell formula, may not be numerically exact, but 
changes in the am 23 litude of cardiac contraction in the transverse direc- 
tion are obvious at a glance (Figs. 1, 2, 3). Any change in the outliire 
of the cardiac border in the frontal plane must be accompanied by com- 
parable changes in its sagittal dimensions, and hence successive output 
estimations froju kymograms should be reliable indices of the direction 
(sense) and magnitude of any change in the output of the heart. If 



StroKe output 38- <3 oc. 


Fig. 1.— Roentgenkymogram of R. A. and derived planimeter tracings of the systolic 
and diastolic heart areas before the intraveno.us injection of lanatoside C. 

the calculated work of the left ventricle increases while its diastolic 
volume decreases or remains the same, it is reasonable to assume that 
the oxygen consumption has not increased, and, therefore, tliis increase 
in work represents an improvement in mechanical efficiency. 

For our study of cardiac output, ten jiatients uuth severe congestive 
failure (Class 3) and normal sinus I'hythm were given two to eight 
days’ preparatory rest in bed, with the fluid intake restricted to 800 
c.c. daily. Daily measurements of venous pressure, vital capacity, apical 
rates, etc., were recorded on individual charts, and the cyanide or decho- 
lin circulation tune, and blood pressure, were taken frequently. All 
measurements were again secured shortly before the first teleoro'entgen- 
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kymogram ^vas made. Then 8 c.c.^^ of lanatoside G were given intra- 
^ enonsb^, -and the measurements were repeated at 5- to 10-minute in 
tm‘vals. _ A second liymogram was taken tliirty minutes to two liours 
after injection of the drug, depending upon the response of tiie patient. 



Ad« t46. cm^ 

A s w 141-9 

Vs= 885-3 cc 
Vd« 844. 4 cc 

5troKc oulput'- 50. 0 cc. 



Flff. 2. — Roentgenkymogram of R. A. and derived planimeter tracings of the systolic 
■ and diastolic heart areas 2 hours after the intravenous injection of lanatoside C. 



Pig. 3. — Roentgenkymogram of R. A. and derived 

and diastolic heart areas 19 days after the intravenous miection of lanatosiae 


Table I presents average values of the clinical and kymo^apliie 
measurements before and after the administration of lanatosi e , an 

*Each cubic centimeter of solution contains 0.20 mg. One Hatcher Brod> 
is contained in approximately 0.25 mg. of the drug. 
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♦Starred nuniber.-; repre.'-'cnt .avcriiKe v.-ilues rvliicli have been .'-bowii by |itollHtle!il 
analysis (the “t" test) to be siftuidcantly different from ayeiaKe ynlni\s obtnlned fi'mi 
nwnsiircnientfs taken .-it the .start of the e.Yperlineiit. Aahie.s for tin; tao p.'itient.s 
resUidled three and U! months later were not aii.-ilyzed. 

shows llic Irciitl of I'Ciiolioii in llic Icii jKilioiils. The pul.se jiiTwnrc 
usually rose, the circulation time iiiul venous pre.ssnro (li'crtvised, anti 
the stroke and minute output, ro.se sli.irhtly. The work of the heart, in- 
creased wliile the diastolic volume decreased slifrhtly, indicatinir a cor- 
responding improvement in mcchaniciil oftieieney. 

Table II prc.sent.s individual data for each patient and affords a more 
accurate appraisal of our I'c.siill.s. In eight of the ten jititicnls there 
was an inerea.se of 30 to 140 jter cent in the stroke oiitpiil of the 
heart; this was nssoeititcd with work Ineremenls of 30 to 130 jter cent, 
wliile the size of tlic heart remained xinehangod or decreased. Consc- 
riuonlly, lhe.se eight patient.s cxliibitod a detinite imju'ovement in the 
meclianieal efficiency of the heart Avithin 30 to 120 minutes after the 
injection of 8 c.c. of lanatosidc C. In the other two ])ationt.s the 
changes were slight, but in both 1,bc minntc volnmo of ibe lietirt wtis so 
large before the administration of lanatosidc C tluit. no great, increase 
was to be expected after giving the glycoside. 

Rocnlgcnkymogvapbic outjuU. .studies on .seven )>:i1ient.s (who roeoivod 
maintenance doses of ] to 5 tablct.s*’ of biniitoside C dtiily) wore re- 
peated three to six Avoeks after the intrtiA'cnous injection of the drug. 
Data obtained at this time are prc.sentod in 'I'ablc ITI. There Avas im 
significant increase in the average stroke output, but the aveiTige dias- 
tolic heart volume had decreased more than 200 c.c. This represents ;i 
further improvement in tlio meehanical efficiency of the hearts of these 
patients, for the heart.s Avero doing approximately the same amount of 
external work Avitli a diminished dia.sfolic volnmo, and hence Avitli lc.ss 
oxygen consumption. In other Avords, the.se hearts Avere ntilizinw con- 
siderably smaller quantities of energy to perform the .same external 

•The tablets used In this study contained 0.2S ms. 
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Table II 

Individual Circulatory Measurements Bekoue, and 11 to 2 Hours Aitep thp 
I xTRATONOus Injection of Lanatosidb C ' 


TIME 


BL.P. j 

P.P. 

H.R. 

C.T. 

V.P. 

D.II.V. 

S.O. I 

M.O. 

P.P. X 



1 


1 _ ! 


1 1 

H.R. 


C.B. 


Coronary Disease 


1 :20 p.m. 
2:12 
4:13 

% Increase 


] 32/84 I 48 I 9(5 I 28 
Injection 8 c.c. lanatoside C 


134/80 


54 

12 % 


92 


21 


25 

- 11 % 

Inconclusive 2 hours after injection 


W’OP.K/ 

BEAT 


1068 1 

66.0 

1 

6.2 

4,608; 

95 

1007 

57.0 

5,3 

4,968 

84 

-6% 

-14% 

-15% 

8% 

-12% 


C.F. 


Hypertension and Coronary Disease 


8:40 a.m. 

9:30 

10:30 

% Increase 


120/96 I 24 I 96 I 46 
Injection 8 c.c. lanatoside C 


158/100 


58 I 90 
140%| 

^lechanical efficiency increased more than 75% 


22 

973 

24.0 

2.3 

2,300 

35 

12 

833 

-14% 

32.2 

34% 

2.9 

26% 

5,200 

126% 

57 

62% 


. 7 . 2 ?. 


SyplilUic Aortitis, Aortic Insitfjiciency 


3:00 p.m. 

3:10 

4:20 

% Increase 


170/96 I 74 I 92 I 42.5 
Enjection S c.c. lanatoside C 
196/76 I 120 I 92 I 24.7 
62% I I 42% 


27 

1168 

30.6 

2.8 

6,808 

54 

19 j 

1211 

70.2 

6.5 

11,040 

131 


1% 

130% 

132% 

62% 

142% 


Mechanical efficiency increased 138% 


J.E. 


Hypertemion- and Coronary Disease 


24 

1016 

47.6 

4.9 

4,080 

74 

20 

1044 

3% 

59.2 

24% 

6.0 

22% 

6,200 

52% 

105 

42% 


3:40 p.m. 

3;45 

4:35 

% Increase 


134/94 I 40 I 102 | 38.2 
Injection 8 c.c. lanatoside C 


160/98 


62 

55% 


100 


29.4 

23% 


ilechanical efficiency increased 39% 


A.C. 


Syphilitic Aortitis, Aortic Insnfficiency 


1:55 p.m. 

2:05 

3:30 

% Increase 


144/1081 36 I 100 I 26.2 
Injection 8 c.c. lanatoside C 
182/1121 70 I 88 I 16.2 

1 94% I I 38% 


18 

1060 

38.2 

3.8 

3,200 

05 

12 

1046 

-2% 

51.2 

34% 

4.5 

18% 

6,160 

92% 

102 

54% 


Mechanical efficiency increased 59% 


E.A. 


Syphilitic Aortitis, Aortic Insufflciency 


2:15 p.m. 

2:30 

3:00 

% Increase 


132/60 i 72 I 104 | 35.9 
Injection 8 c.c. lanatoside C 


154/56 


98 
36%j 


104 


24.5 

? 2 % 





KWH 




Bum 






matm 


Mechani cal efficiencj’ increased more than 55% 
JP. S. Hypertension, and. Coronary Disease 


74 

42% 


2:00 p.m. 
2:15 


126/1081 18 j 108 1 26 


3:15 1 

144/98 

46 

107 

% Increase 


155% 



14 

1042 

51.0 

5.5 

1,944 


1025 

-1.5% 

49.0 

-4% 

5.2 

-6% 

4,922 

153% 


20.4 
20 % 

Inconclusive 1 hour after injection 


Bl.P . — 'Blood pressure in mm. Hg 
p.p. — Pulse pressure in mm. Hg 
H.R. — ^Heart rate per minute 

C. T. — Circulation time in seconds 
V.P. — ^A'^enous pressure in cm. of water 

D. H.AL — Diastolic heart volume in c.c. 

5.0. — Stroke output in c.c. 

31.0. — ^Minute output in liters 

P.P. X H.R. — Pulse pressure times heart rate 

TUork/beat— Mean blood pressure times stroke output in gram meter 


81 

SO 

- 1 % 
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H. J. 


Coronary Arteriosclerosis 


‘’;50 p.m. 
:00 
:15 

3 Inerease 


90/76 I 14 I 90 
Injection 8 c.e. lanatoside G 


110/84 


26 92 

85% 


18 


1015 

1044 

3% 


48.0 

59.0 
23% 


4.3 


Mechanical efficiency ineieascd 40% 


5.4 

25% 


1,260 

2,392 

90% 


^r. g. Hypertension and Coronary Disease 


00 p.m. 
10 
:45 
% Increase 


108/82 


1 20 1 104 1 59.2 

21 

997 


3.8 

2,704 

3 a 8 c.c. lanatoside C 

1 00 j 98 1 33.2 

22 

873 

46 

4,5 

5,880 

1 140%! 1 44% 


-13% 

24% 

18% 

117% 


9:40 a.ni. 
10:01 
10:30 

% lncrea.se 


L. P. Hypertensive Heart Disease 

190/90 I 100 i 77 j 25.9 
Injection 8 c.c. lanatoside C 
230/80 j 150 I 02 I 

1 50%1 1 

Mcclianieal efficiency inevcasetl more than 37% 


54 

77 

43% 


47 

81 

72% 


849 

03 

4.8 

7,700 

119 

792 

1 

73 

4.5 

9,042 

156 

-6.7% 

1 16% 

-6% 

25% 

31% 


Furtlicr eoiisiclcratiou of the data obtained from the patients who 
were restudied is suggestive. In tliree instances the minute outputs at 
tlie lieight of congestive failure were greater than they were three to 
six weeks later, when the patients had apparently recovered, although, 
as previously noted, an immediate inerease in stroke volume had been 
found two hours after the intravenous injection of lanatoside C. 

Two of these same patients were availalile for kymogi-aphie studies 
three and thirteen months after the first control measui'ements were 
obtained. Both -were fully compensated at this time. In one patient 
(C. H.) the stroke output was slightly elevated, but, in the other 
(F. S.), it had decreased approximately to the value obtained before 
any cardiac glycoside had been given. The diastolic volume, hoivever, 
was 300 c.e. less than at the time of the control lij'mogTam in both 
instances (Tables II and IV). 

These facts suggest a possible explanation of the inconstancy of re- 
sults in cardiac output studies before and after the disappearance of 
congestive heart failure. It may be that significant changes in cardiac 
output should be looked for during the period of transition between a 
state of congestive failure and of compensation. In accordance with 
the backward failure tlieory, expounded by Harrison,^'' changes in car- 
diac output of small degree which occur in a relatively short period of 
time niay result in extensive venous congestion. Similarly, relatively 
small increments in minute volume during a comparatively short time 
should result in prompt lessening of the symptoms and signs of pul- 
monary and venous congestion. The fact that the increases in cardiac 
output winch occurred immediately after the administration of lana- 
toside G were not always permanent is consistent with this impression 
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Individual Cieculatoby Measurements Before, and 3 to r wpi-t'c, 

Intravenous Inurction of Labatosuir 0,' iTnEB ™e Ito ' 

Become Cosipensated 


TIME 

BL.P. 

P.P. 

H.R. 

C.T. 

V.P. 

D.H.V. 

S.O. 

M.O. 

P.P. X 
H.R. 

WORK/ 

BEAT 

12/21/40 

L. 

P., Female, Age 68 

r HedTt Disease 


Control 

190/90 


77 

25.9 

9 


63 


7 700 

119 

226 

90% 

1/11/41 
% Increase 

210/92 

118 

11.8% 

62 

25.8 

6 

838 

-1% 

106 

68% 

6.6 

39% 

7,316 

-5% 

11/29/40 

G. F., 

Male, Age 61, Hypertensive and Arteriosclerotic Heart 

Disease 

Control 


24 

96 

46 

22 

973 

24 

2.3 

2,300 

35 

12/21/40 
% Increase 

120/84 

36 

50% 

76 

27.3 

6 

728 

-25% 

41 

73% 

3.1 

35% 

2,636 

15% 

57 

63% 

2/S/40 

J. H., 

Male, 

Age 63, Hyperiensive and Arteriosclerotic Heart Disease 

Control 

134/94 

40 

102 

38.2 

24 

1016 

47.6 

4.9 

4,080 

74 

3/4/40 
% Increase 

152/80 

72 

80% 

88 

17.5 

-54% 

6 

739 

-27% 

39.2 

-19% 

3.5 

-28% 

6',336 

55% 

63 

-17% 

1/30/40 

H. J., Male 

, Age 69, Arteriosclerotic Heart 

Disease 


Control 

wSlM 

14 

90 

74.3 

18 

1016 

47.6 

4.3 

1,260 

54 

3/4/40 
% Increase 


12 

-14% 

88 

79.6 

0% 

10 

740 

-27% 

39.2 

-17% 

3.5 

-18% 

1,056 

-16% 

48 

-10% 

2/15/40 

A.G 

, Male, 

Age SI, Syphilitic Heart Disease, Aortic Insafflciency 

Control 

140/108 

32 • 

100 

26.2 

18 

1060 

38.2 

3.8 


65 

3/4/40 
% Increase 

158/100 

58 

81% 

78 

15.8 

-40% 

8 

723 

-31% 

31.7 

-17% 

2.5 

-34% 

4,524 

41% 

56 

-15% 

2/13/40 

B.A 

, Male, 

Age 46, Syphilitic Heart Disease, Aortic Insufficiency 

Control 

132/00 

72 

104 

35.9 

19 


38.8 

4.0 

7,488 


3/4/40 
% Increase 



70 

24.5 

-32% 

3.6 

738.7 

-37% 

58 

49% 

4.4 

10% 


90 

80% 


1/30/40 F. S., Male, Age 69, Hypertensive and Arteriosclerotic Heart Disease 


Control 



■IIEBK Oa 

21 

997 

37 

3.8 


47 

3/4/40 




5,C 

782 

75.5 

5.74 

6,384 

136% 

121 

% Increase 


1-53% 


-21 %| 

140% 


150% 


Table IV 


Individual Circulatory Measurements From 2 Patients Before the Injection 
OF Lanatoside C and After 3 and 13 Months 


TIME 

BL.P. 

p.p. 

H.R. 

1 

C.T. 

V.P. 

D.H.V. 

S.O. 

M.O. 

P.P. X 

H.R. 

■WORK/ 

beat 

1/30/40 

F. S. 

, Male, Age 69, Hypertensive and Arteriosclerotic Heart Disease 

Control 
3/1/41 
% Increase 

108/ 82! 
180/110 

26 

70 

169% 

104 

66 

59.2 

23.6 

-58% 

21 

7.0 

997 

686 

-31% 

37 
37.3 
1% 1 

3.8 

2.5 

-35%1 

2,704 
4,620 1 
71% 1 

47 

75 

60% 


12/30/40 C. H., Male, Age 69, Arteriosclerotic Heart Disease 


Control 
3/1/41 
% Increase 

L32/84 

158/82 

48 

76 

58% 

96 

90 

28 

18.5 

-34% 

21 

6.0 

1068 

695 

-35% 

66 

79 

16% 

6.2 

7.1 

14% 

4,608 

6,840 

45% 

95 

129 

36% 


Bl.P. — Blood pressure 
p.p. — Pulse pressure 
H.R. — ^Heart rate 


C. T. — Circulation time 
■U.P. — ^Venous pressure 

D. H.V. — Diastolic heart volume 


S.O. — Stroke output 

M.O. — Minute output , 

P.P. xH.E. — ^Pulse pressure times heart rate • ' 

Work/beat— Mean blood pressure times stroke output in gram m 
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Tlic iirocli smaller diastolic Iteavt volume in om- 1’”'"'"';'; |l'' 

cstaMisl.mcnt ot eomitcusation is sigiiilieani, ami is in aeeotil 
results of Stewart and his co-workers."’ 

COKCLtrSION'S 

1 The iutravonoiis administration of lanatosidc to jialient.s with 
heart failure and normal sinus rhythm usually inereases (he i)uIso ].res- 
sure and reduces the circulation time and venous pressure within t\v() 
houi-s. Koentgcnkymographic sludias of the hearts of ten such patients 
showed that the drug produced a significant reduction of diastolic heart 
volume in five patients and an increase in stroke output in eight pa- 
tients. In two patients, the minute volume of the heart was so h.uge 
before the administration of the drug tiiat no great increase could be 
expected. 

2. In the eight patients who responded with increased cardiac output, 
the product of the stroke output and the mean lilood ])re.ssure Avas 
definitely increased, whereas the dia.stolic heart, volume deerea.sed or 
was unchanged. Since the diastolic, heart volume is an index of oxygen 
consumption, these increases in work which resulted from (lie admin- 
istration of lanatoside C must, have represented ])ro]>nrlional im))rove- 
meut in the mechanical efficiency of the hearts of eight of the ten ])a- 
tients studied. 

3. In seven patients Avho were 7’e.studied after the establishment of 
compensation, tlicrc was a deerea.se of 200 e.e. or more in the diastolii* 
heart volume. In four paliont.s, the iiiinutc volume was greater Ilian 
at the start of the experiment, and in lliroo ])atients it was le.ss. 

4. The mo.st consistent and lasting change in tlic failing lieart that 
is produced hy the administi-ation of lanatoside C .seem.s to he a de- 
crease in its diastolic volume, or oxygen consnmiition. 

We wisli to ttinntt Pr. Ancol Key.*; and lii.s .Ktaff for ttioir iitvalutilde n.^sistuiico 
in making tlie plaiiimetric incasurcniont.c from tlic tcleoronnigcnkymngr.am.';, in 
applying tkc Key.? and Priodoll fonmda to lice obtained djita. and for ilicir genorons 
iielp in carrying out pome of the cxporiinont.s. 
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THMIBOSIS OF T-'HB SUBCLAVIAN AND AXILLARY VBINS 

Rki’Okt or 46 Cases 

James Ross Veal, Hugh Hudsox IEussey, jM.D. 

Washington, D. C. 


T hrombosis of the veins of the lower extremity is so frequent as 
to he a matter of common experience. The same condition in the 
veins of the upper extremity seems to he so relatively infrequent that 
a single investigator’s experience is limited to a few eases. Houevci, 
thrombosis of the subclavian and axillary veins is perhaps more com- 
mon than is generally realized. In point of fact, one of n.s (J, R. V.) 
has previously reported^ 17 such eases, and in the past three years we 
have observed 29 additional cases. It is our purpose in this report 1o 
present the data obtained from the study of all 46 cases. 

The clinical manifestations of thrombosis of the subclavian and axil- 
lary veins varj^, depending on whether the obstruction develops acutely 
or gradually. In the cases in which the thrombosis begins acutely, pain 
is usually the initial symptom. The pain begins in the region of the 
shoulder aird extends down the arm to the hand. This generalized 
pain and the cyanosis and eoldne.ss of the finger tips wliich appear 
almost simultaneou.sly are the res\dt of v<iso.spasm. Weakness and 
numbness of the extremity develop, and the weakness maj’ progress 
until the function of the arm is lost. Within a .short time, swelling of 
the hand and arm becomes apparent and may increase rapidly, so that 
the affected extremity sometimes reaches twice its normal size within 
a few hours. The pulse rate is usually normal unless there is some 
other cause for tachycardia. The .sy.sto]ic blood pressure is often 10 
to 15 mm, higher on the affected side than in the Jiormal arm. There 
are local pain and tenderness over t])e thrombosed portions of the 
involved veins. Because of the edema, the superficial veins of the arm 
are not readily seen, but the antccubital veins usually are palpably 
distended. The initial pressure in these veins is invariably above nor- 
mal (usually more than 300 mm. of saline), and rises promptly to a 
higher level when the patient opens and clenches the fist repeatedly 
while the venous pressure is being measured.^ The circulation time 
rom the involved extremity to the lung or tongue is prolonged. The 
oxygen content of the venous blood is decreased. A venogram will 
reveal the obstruction, the extent of involvement of the veins, and the 
developing collateral venous channels. 
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After acute tlirombosis of the subclavian and axillary veins, the 
generalized pain in the arm and cyanosis of the digits disappear as 
soon as vasospasm is released. This usually takes place promptly after 
beginning appropriate treatment. The relief of edema and Aveakness 
depends upon re-establishment of the circulation, and is necessarily a 
slower process. The rapidity of improvement at this stage varies pri- 
marily Avith the location and extent of the thrombosis, and secondarily, 
with the number and size of collateral channels.'* In eases in which 
only a short segment of the subclaAdan or axillary vein is involved, 
collateral A^enous channels soon begin to function, the venous pressure 
falls, and the edema disappears Avithin five to seven days. In eases of 
more exteiisiA'-e involvement, the Amnons pressure remains elevated 
because of inadequacy of the collaterals, so that the edema subsides 
more sloAvly and tends to recur Avith exercise. In some cases the edema 
ncA’^er disappears completely. In such eases, and in those in AAdiich 
there is an abnormal eleAmtion of local Amnous pressure with exercise, 
use of the arm soon results in fatigue or even pain. The postthrom- 
botic stage after acute thrombosis of the subclaAdan and axillary veins 
then resembles closely the clinical picture Avhich develops in cases of 
gradual occlusion of these veins. 


Gradual occlusion of the siibclaAdan and axillary veins is almost al- 
ways secondary to some other disease, usually a malignant neoplasm 
iiiA^ohdng the thorax. In some eases, therefore, the manifestations of 
the A’-eiious obstruction may be OAmrshadoAved by the primary disease. 
The first symptoms of thrombosis Avhieh develops gradually are usually 
slight enlargement and fatigability of the affected arm. The SAAmlling 
of the arm may be comparatively slight, and pitting edema is not neces- 
sarily present. Vigorous or prolonged use of the arm may cause an 
increase in the SAvelling or may be impossible because of the fatigue 
which results from exercise. Collateral A'eins appear over the upper 
part of the arm, the shoulder, and the chest, and the veins of the fore- 
arm and hand are obviously engorged Avith blood. The initial venous 
pressure in the affected arm is higher than normal, but usually below 
300 mm. of saline. Exercise of the hand produces a further elevation 
of the A'^enous pressure.^ The circulation time from the affected arm 
to the lung or tongue may be prolonged, but is often Avithin normal 
limits. As in cases of acute thrombosis, the venogram Avill reveal the 
obstruction and the extent of involvement of the veins, and the col- 
lateral venous channels will be Ausualized. In the cases in Avhich grac - 
ual occlusion is secondary to a malignant neoplasm, the progress o 
symptoms in the affected arm is Amriable. As the neoplasm gioA\s, tie 
thrombosis may spread, Avith a consequent aggraAmtion of symptoms^ 
In some cases the clinical picture aaoII suddenly change from one o 


gradual occlusion to one of acute obstruction. 

An etiologic classification of cases of thrombosis of the subclavian 
and axillary veins offers some difficulty. We haAm listed our cases 
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irmips wliieli represent the major causative factors (Table I). It mnst 
beurferstood that in some instances more than one factor is important 
in the pathogenesis of the disease. 


T 


Classification op A6 Cases of 


Subclavian and Axillary Vein Thrombosis 

^ ^ CASES 


A. Tliromliosis complicating- heart failure 

1. Stasis thrombosis 

2. Chemical thrombosis 

3. Thrombosis secondarj' to local infection 

B. Traumatic, or effort, thrombosis 
a Tln-ombosis secondary to neoplasm 
D. Thrombosis from operative scar 


13 cases 
2 cases 
1 case 


10 


10 

IS 


40 


THRoarnosis coaiplicating heart failure 


Thrombosis of the peripheral veins is a common complication of con- 
gestive heart failure. The presence of such tJirombosis is often unrecog- 
nized because of the prominence of the manifestations of heart failure. 
Its importance has not been generally emphasized. Hou-ever, Hampton 
and Castleman* showed that of 370 autopsy cases of pnbnonary embolism 
30 per cent were cardiac patients. The source of a very large percent- 
age of the emboli in these cases was “sjunptomless” tliromliosis of the 
deep veins of the legs. This study and White’s^ experience indicate 
the extreme importance in heart failure of peripheral venous thrombo- 
sis as a cause of death from pulmonary embolism, or as a cause of 
prolongation of the period of heart failure in cases in which pulmonary 
embolism is not fatal. 


Thrombosis of the imins of the upper extremity is quite infrequent 
as compared with the lower extremity. In a statistical study” of 1,260 
cases of postoperative venous thrombosis involving 1,401 locations, 
Barker, et ah, found tliat the veins of tlie lower extremity Avere the 
site of 85.6 per cent of the thromboses, u’hereas involvement of the 
veins of the upper extremity constituted only 1.7 per cent of the total. 
Thrombosis of the veins of the upper extremity in eases of heart fail- 
ure has rarely been mentioned in the literature. Since 1900, when 
Welch reviewed the subject" and reported several eases that he had 
personally observed, there has been no important consideration of the 
condition. However, our experience has led us to believe that it is a 
more freqcnt complication than is indicated by the sparsity of reports. 
In the past five years ive have observed 16 eases of subclavian and 
axillary vein thrombosis complicating heart failure (Table 11). 

In all of these 16 cases the slaving of the venous circulation that 

important in predisposing- 
to venous thrombosis, and m 13 of the cases it Avas the only apparent 
causative factor. In 2 of the eases “chemical” thrombosis, caused by 
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Table 

SUBCIiAVIAN AND AXILLARY VEIN THROMBOSIS 


CASE 

AGE 

SEX : 

RACE 

CARDIAC 

DIAGNOSIS 

DURATION 
OF HEART 
FAILURE 

LOCATION OP 
THROJIBOSIS ' 

ONSET 

symptoms 

1 

68 

M. 

B. : 


3 iveehs 

Left subclavian 

Acute ] 

Edema of left arm 

2 

71 

P. 

B. : 

Hypertensive 
heart disease 

1 j^ear 

Left subclavian 

Acute - 

Edema, weakness of 
left arm 

3 

48 

P. 

B. 1 

Syphilitic 
heart disease 

7 months 

Left subclavian 

Acute 

Edema, weakness of 
left arm 

4 

40 

M. 

B. 

H 3 ’pertensive 
heart disease ; 
'dissecting 
aneurj'sm 

3 months 

Left suliclavian 

‘ 1 

Acute 

-1 — r-l 

Edema of left arm 

' 

0 

67 

P, 

B. 

Hj’pertensive 
heart disease 
(cerebral 
hemorrhage) 

Several 

daj's? 

'Left subclavian 
and axillary 
veins 

1 

1 

Acute 

Edema of left arm 

6 

65 

F. 

W. 

Hj'pertensive 
heart disease 

7 months 

Left subclavian 

Acute 

Pain in left skoalder 
and arm; edema 

1 

29 

F. 

W. 

Rheumatic 
heart disease 

14 months 

Riglit subclavian 

Acute 

Pain in right arm; 
edema 

8 




Syphilitic 
heart disease 

1 year 

! 

Bight basilic, 
axillary and 
subclavian 

Acute 

Pain in right arm 
after injection ot 
mercupurin; ten- 
derness; edema _ 


48 1 

M. j 

B. 

Hypertensive 
heart disease 

1 2 weeks 

Left subclavian 
and axillary 

Acute 

edema and weak- 
ness of arm 






1 


Acute 

■ pStaJinSTpectonir 

10 

33 

P. 

B. 

Hypertensive 
heart disease 

2 months 

Left subclavian 
and axillary 

reerion and arm; 
edema of left ar"’ 
and breast; atcr 

prominent collateral 

veins 









Tlirombosis 

IT 

57 

M. 

W. 

Coronary ar- 
tery sclerosis 

■ 

Right basilic, 
axillary and 
subclavian 

ual 

numerous injcclw ■ 
of mercupurin; 
prominent veins • 

shoulder; hard 
tltroPibosed_i£^ — 
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II 


Complicating Heart Failure 


CIRCULATION TESTS 

VENO- 

GRAM 

COURSE AND 
termination 

autopsy 

AFFECTED ARM 

UNAFFECTED ARM 

V.P. 350 mm. 

V.P. 275 mm. 


jPulmonary infarction ; 
death 





Pulmonary infarction? 
improvement; left 
hospital 


V.P. 265 mm. 

C.T. 47 sec. 

V.P. 190 mm. 

C.T. 53 see. 

1 

Pulmonary infarction; 
improvement; left 
hospital 

l_ — 


j 


Pulmonary infarction; 
dissecting- aneurysm ; 
death 

Thrombosis of left sub- 
clavian vein extending 
into innominate vein ; 
pulmonary infarction ; 
hypertensive heart dis- 
ease; dissecting aneu- 
rysm 

V.P. 335 mm. 

C.T. IGsec. 

V.P. 110 mm. 

C.T. 13 see. 


Pulmonary infarction ; 
bronchopneumonia ; 
death 

Thrombosis of left sub- 
clavian and axillary 
veins ; pulmonary in- 
farction (small) ; 
bronchopneumonia ; 
hypertensive heart 
disease 


V.P. 235 mm. 

V.P.Ex. 250 mm. 
IC.T. 40 sec. 

Confirm- 

atory 

Gradual improvement; 
left hospital 



i 

Confirm- 

atory 

Intractable heart fail- 
ure; death 

Thrombosis of right sub- 
clavian vein extending 
into internal jugular 
and innominate veins ; 
multiple pulmonary in- 
farcts; rheumatic 
heart disease 

V.P. 365 mm. 

V.P.Ex. 390 mm. 

V.P. 265 mm. 

V.P.Ex. 260 mm. 

Confirm- 

atory 

Death from pulmonary 
embolism 


V.P. 295 mm. 

V.P.EX. 350 mm. 
C.T. 47 sec. 

V.P. 290 mm. 

V.P.Ex. 290 mm. 
C.T. 36 sec. 

1 

Pulmonary infarction; 
death 

Tlirombosis of left sub- 
clavian and axillary 
veins; small pulmo- 
nary infarcts; hyper- 
tensive heart disease 

V.P. 240 mm. 

V.P.Ex. 390 mm. 
C.T. Blank 

V.P. 115 mm. 

V.P.Ex. 150 mra.l 
C.T. 11 sec. 

Confirm- 

atory 

Long course; repeated 
pulmonary infarc- 
tion; later thrombo- 
sis of left femoral 
and iliac veins; 
death 

Hypertensive heart dis- 
ease; cardiac mural 
thrombi; old throm- 
bosis left innominate, 
internal jugular, sub- 
clavian and axillary 
vv.; recent thrombosis 
left iliac and femoral 
w.; multiple pulmo- 
nary infarcts 



Confirm- 

atory 

1 

1 

Improvement; left hos- 
pital 
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Table 


. lAULE 

CASE 

AGE 

SEX 


CARDIAC 

DIAGNOSIS 

DURATION 
OP HEART 
PAIDURE 

location op 
thrombosis 

ONSET 

. SYMPTOMS 


1 

P. 

B. 

Rheumatic 
heart clisease 

3 montlis 

Left_ subclavian, 
axillary, 
brachial, and 
external 
jugular j 

Acute 

1 

1 

Thrombophlebitis fol- 
lowing furuncle 
over external jugu- 
lar vein; pain, 
edema of left aim 

13 

66 

P. 

\V. 

Hypertensive 

1 heart clisease 

1 

1 

1 

1 

Left subclavian 
and axillarj^ 

Acute 

Rain, weakness, edeim 
of loft shouWer 
and arm; later col- 
i lateral veins 

U 

65 

P. 

B. 

Hypertensive 
heart disease 

Several 

months 

[Left subclavian 
and axillary 

Acute 

j 

1 

Pain in neck and 
arm; edema; later 
prominent collateral 
veins 

15 

■ 

P. 

B. 

Hj'pertensive 
licart disease 

Several 

days 

Left subclavian 
and axillary 

Acute 

Pain, edema, coldness 
of left arm 

16 

■ 

P. 

W. 

Hypertensive 
heart disease 

Several 

weeks 





V.P. = Venous pressure. 

V.P.E-v. = Venous pressure after exercise of hand for one minute. 
C.T. = Arm-to-tongue circulation time. 


intravenous injections of a mercurial diuretic, extended to tlie auxil- 
iary and subclavian veins from the veins of the arm. In one case the 
thrombosis apparently resulted from spread of infection from a furuncle 
which lay over the external jugular vein. The cause of the heart dis- 
ease is apparently not important in the incidence of subclavian and 
axillary vein thrombosis. Most of our eases were in patients with 
h 3 "pertensive heart disease, but this is to be explained bj’- the greater 
frequency of this tjqie in the hospitals in which our studies were made. 
On the other hand, the severity of the heart failure seems to he impor- 
tant in the causation of the venous thrombosis. In all but 2 of the 16 
cases, the heart failure was so severe that the patients ivere bedridden. 
It is interesting that in 12 cases the veins of the left arm were involved, 
and in 4 eases, the veins of the right arm. One apparent reason for 
this disparity of incidence is the longer, more devious course taken by 
the left innominate vein. Another possible reason is that the patient 
who is bedridden makes greater use of the right arm than of the left. 
This incidence is in contrast to that in cases of traumatic thrombosis, 
in which the veins of the right arm are usually affected.^ 

In 15 of the 16 cases the onset of symptoms was acute. In the one 
case in which the onset was gradual, thrombosis developed after re- 
peated injections of a mercurial diuretic, and there were no ontstanct- 
ing symptoms except prominent collateral veins and hardness of t le 
basilic and axillary veins. In most of the cases in which there was an 
acute onset, the first symptom was pain in the arm or region o 
shoulder. All of the patients rapidly developed edema, y 

severe degree. The significance of edema of one arm in a case o± s 
heart failure probably is not always immediately appreciated le < • • 
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H Cont’d .... — — T— 77= 

CIKCULATIi 

ON TESTS 

YEKO- 

GRAAt 

COURSE AND 
termination 

autof.sy 

affected arm 


Confirm- 

atory 

Gradual improvement; 
left hospital 


— 


Confirm- 

atory 

Gradual improvement; 
left hospital 



Confirm- 

atory 

Gradual improvement ; 
left hospital 




Confirm- 

atory 

Gradual improvement ; 
left hospital 




Confirm- 

atory 

Death from heart 
failure 



of tlie prominence of tlie symptoms of heart disease. For- this reason, 
thrombosis of the subclavian and axillary veins may be overlooked. 
Four patients complained of weakness of the affected arm. It is to be 
remembered that all of the patients were severely prostrated, so that 
weakness of one arm was probably not readily noticed. In all cases 
in which the venous pressure was measured, it was found to be abnor- 
mally high on the affected side, I'anging from 240 to 365 mm. of saline. 
In the unaffected arm also the venous pre.ssure frequently was elevated 
because of heart failure, but usually not to the .same extent as on the 
side of the thrombosis. In all cases in which the “exercise test” was 
used, there was a prompt and substantial increment in the venous pres- 
sure on the affected side, but on the nonobstructed side there was little 
or no change. For this reason, the “exercise test” has proved to be 
of particular value in the diagnosis of peripheral venous obstruction 
complicating congestive heart failure. The circulation time measure- 
ments were of little value in confirming the presence of the venous 
thrombosis. 


The course of subclavian and axillary vein thrombosis in cases of 
heart failure may tend .slowly toward recovery, but is commonly inter- 
rupted by grave complications. Propagation of the thrombus is faA’ored 
by the generalized slowing of the venous circulation and by the pa- 
tient’s inactivity. Under these circumstances it is not surprising that 
embolism is a frequent occurrence. In 9 of the 16 cases in this series, 
pulmonary embolism occurred, and in 7 it was fatal. In 4 of the 5 
autopsy cases the only source that was disclosed for the pulmonary 
embolism was the thrombus in tlie subclavian and axillary veins. In 
the other ease there were other sites of thrombosis, any of Avhich may 
ave been the origin of the pulmonary embolism. In the two eases iii 
Av ich the patients died but Avere not autopsied, the only apparent 
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source for the pulmonary emboli was in the thrombosed veins of the 
arm. In the two eases of pulmonary embolism that did not end fatally, 
there seemed to be considerable aggravation and prolongation of the 
heart failure as a result of the embolism. 

TRAUMATIC, OR EFFORT, THROMBOSIS 

The exact pathogenesis of this type of thrombosis remains ohscnre. 
In a previous communication one of us reviewed the various theories,^ 
and since that time nothing of importance has been added to the 
knowledge of the subject. Thrombosis may result from a variety of 
incidents, some trivial, some severe. In some cases there is no obvious 
preceding effort or trauma. In 8 of the 10 cases which we have classi- 
fied as traumatic, or effort, thrombosis of the subclavian and axillary 
veins, the exciting causes include direct contusion of the shoulder re- 
gion (3 cases), carrying a heaA'y Aveight by hand, a fall on the out- 
stretched hand (Fig. 1), Avorking Avith the arms overhead, Avashing 
clothes by hand, and sleeiiing Avith the arm outstretched under the 
head. In the remaining 2 cases there Avas no definite history of any 
unusual effort or of direct trauma. 



Traumatic thrombosis of the veins of the upper thatfte 

frequent occurrence. This can best be judged by f ‘ ' “‘4, 

majority of reports on the subject deal with one “ ” ^ 

onset of symptoms of this type of ! U 

testations and course closely follow the description of acute tlnora 
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as given above. Tlie tlu-ombosis Avhicli follows effort aliuo.st 
occurs on the right side in right-handed persons, _ and that whicli fol- 
lows trauma occurs, of course, on the side that is iuiured. 

Embolism practically ncAmr re.snlts from this type of thrombosis. 
This is in direct contrast to the experience with thrombosis which com- 
plicates heart failure, and is probably to be explained by the tact, that 
in traumatic, or effort, thrombosis there is no general venous sln.sis, 
and the patient imually is not bedridden and uses his arm more ac- 
tively, so that treatment is effective in limiting propagation of the 
thrombus. 

It should im emphasized that, although collateral circulation usually 
develops sufficiently to relieve the acute symptoms, there is almost 
invariably some residual impairment of the circulation. This can be 
demonstrated objectively by measuring the venous pre.ssure on the 
affected side duriiig exercise of the hand. In such cases the ])alicnt 
finds that his arm tires quickly or may even become painful duidng 
exercise. In some cases edema may reappear after prolonged oxeifion. 
Fig. 2 is an example of persistence of postthrombotic mauifestions. 
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-Rieht subcUavian and axillary vein thrambosis (tranmatic). On.sct 8/1 H/m. 

THROJIUOSIS SECONDARY 'VO NEOPLASM 
The most common cause of thrombosis of the subclavian and aviii. , 

"tI?' 

was oarel^a the hteast, of which L. 
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k probably smaller than would be expected during five years of exper- 
ience at a large general hospital, but we have included only eases 
Avhich we have personally observed. Nor have we included in this 
report a consideration of the type of axillary vein obstruetion which 
frequently follo^vs the alteration of the course of the axillary vein® 
produced by radical mastectomy. The other types of neoplasm were 
as follows; bronchiogenic carcinoma, 6 cases; lymphosarcoma, 1 case; 
sarcoma of the prostate, 1 ease ; and sarcoma of the ovary, 1 ease. 



Fig. 3A. — Venogram showing occlusion of subclavian, 
secondarj^ to metastasis from sarcoma of the prostate, 
lateral vessels. 


•, and basilic veins 
umerous small co!- 


It has long been recognized that malignant neoplasms exert an im- 
explained influence on the coagulation of the blood, so that t ' 
increased tendency to peripheral venous thrombosis This mj dm 
without apparent reason at a point distant from t ® 
plasm. However, we have not observed an ® was 

axillary venous thrombosis secondary to neoplasm m wh 



veal axd hussrv; 


thkojihosis of vkixs 


nof) 


ri rts- ;s:nt ..■>' >■;; 

vade it. In tins last type of case, tln-ombosis vcsulls from compiossum 
or distortion of the vein. 



Fig. SB . — Same ca><e as Fig. ZA, .sliowln« ilifforoncn In vtMioiis pro-ssuro measure- 
ments in the arniK, Xote the t>er.«l«tent clovntloti of vnnoiis pri’.s.siire In tiic ntTcctial 
arm. Right .suhclavlan anil a.\lllary vein thrombosis (neoplastic). 


In most of the cases of tliis type of tlirombosis, the first symptom 
noticed by the patient is swelling of the arm, so tliat the ousel seems 
to be acute. However, in cases in which there has been an opportunity 
to observe tbe patient prior to tbe lime of development of aoule .symp- 
toms, there are often evidences of gradual occlusion of llie subclavian 
and axillary veins. In some there arc quite obvious collateral veins at 
the shoulder region long before the patient is aware of any trouble 
with the arm. Tlierofore, altliough the patient may not seek medical 
aid until there are acute symptoms, it is probable tliat in many ea.se.s 
the venous obstruction lias been a slowly developing proec.ss (li'ig. 3/1 
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and B). Ot the common types of subclavian and axillary vein throm- 
bosis, that which is secondary to neoplasm is the only one in which the 
onset of symptoms is usually gradual. 

The symptoms of thrombosis secondary to neoplasm differ somewhat 
from the classical descriptions of acute thrombosis. In the first place 
the pain which results from vasospasm in the other types of thrombosis 
may be entirely absent. However, there is often another type of pain 
in the shoulder, neck, and arm. This pain is caused by involvement 
of the brachial plexus by the malignant neoplasm. It is persistent, 
peculiarly severe, and progressive. Paralysis of the arm may eventu- 
ally follow such involvement of the brachial plexus. In the second 
place, the edema which characterizes complete obstruction of the A^eins 
shows less tendency’' to recede, and, indeed, usually becomes progres- 
sively more severe. These patients are then subject to recurrent at- 
tacks of lymphangitis, lymphadenitis, and cellulitis, such as those which 
accompany the postthrombotic syndrome in the lower extremity. In 
the third place, as mentioned in the discussion of the onset, there may 
be obAdous collateral Amins before the edema appears. If the patient 
is not seen until edema has deAmloped, the presence of prominent col- 
lateral Amins is strong inmsumptiAm eiddence that a neoplasm has caused 
the thrombosis. 

The course of this type of thrombosis is goAmrned by the progress 
of the underlying disease, Avhich CAmntually terminates fatally. As far 
as Ave have been able to observe, pulmonary embolism has not resulted 
from this type of thrombosis. HoAveAmr, pulmonary involvement by 
the neoplasm, Avhich Avas present frequently in these cases, may possibly 
have prevented the recognition of syrmptoms of pulmonary embolism. 


THROMBOSIS FROM POSTOPERATIA^E SCARRING 

Occasionally, after radical remoAml of the breast,® thrombosis of the 
axillary and subclaAdan veins results from gradual obstruction of the 
axillary vein by sear tissue. The axillary vein may be obstructed by 
simple constriction by scar tissue, Avithout actual thrombosis. In other 
cases, the vein is occluded Avhen the patient’s arm hangs doAvn beside 
the chest AvaU. This is the result of the alteration in the course of the 
Amin Avhich folloAAm removal of the pectoral muscles. Cases of obstruc- 
tion of the axillary vein Avithout thrombosis have not been eonsiderec 
in this report. HoAvever, in this series of 46 cases, there Avere 2 m 
Avhich thrombosis of the axillary Amin folloAved constriction by seal 
tissue. These eases are described briefly. 


CASE REPORTS 

M. J., a 66-year-olcl Negress, A%'as first seen by us in 1939. lluee yeans p 

that time a radical mastectomy had been performed for therapr to 

breast. About 10 weeks after the ope-tion, following deep entgen the P 
the axilla and chest, the patient developed pain along the inner aspect 
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arm and in the axilla. The entire left upper extremity became swollen. This 
swelling remained, although it tended to subside somewhat after a period of rest. 
On examination, the affected arm was obviouslj’' enlarged, and there was pitting 
edema. The veins in the antecubital fossa were large and distended. Other veins 
in the forearm and hand were obscured by edema. The initial venous pressure in 
the left antecubital vein was 160 mm. of saline. Tlie pressure rose rapidly and 
astonishingly, with exercise of the hand, reaching 820 mm. after three minutes 
(Fig. 4). A venogram showed complete obstruction of the left axillary vein. The 
patient was seen frequently in the Surgical Outpatient Clinic during the next five 
months. The swelling of the arm persisted. A repetition of the venous pressure 
measurement at the end of that time gave an initial reading of 130 mni. After 
exercise of the hand for one minute, the pressure liad risen to 960 mm. Early in 
1940 the left axilla was explored, and the axillary vein was found to be incar- 
cerated in dense scar tissue. It was completely occluded by an organized thrombus. 
The scar tissue was excised as completely as possible, and care was taken not to 
injure any of the collateral veins. After this operation the swelling of the arm 
became less severe. AVhen the patient was last seen, in 1942, there was only slight 
swelling of the left arm. lloweverj after prolonged exercise, the edema recurs. 



OF HAND 

Fig. 4 — Thrombosis of left axillary vein due to constriction by scar of radical mas- 
tectomy. 

In this case the initial reading of the venous pressure was within normal limits. 
It was not until the “exercise test" was performed that evidence was obtained 
that severe venous obstruction was the cause of the edema. Usually, in cases of 
chronic obstruction of large veins resulting from compression by scar tissue, at- 
tempts to relieve the obstruction by means of operation are unsuccessful. How- 
ever, m this case, there was definite improvement after excision of the scar. Since 
the axillary vein was occluded by an organized thrombus, the improvement must 
be attributed to the development of a more adequate collateral circulation. 
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“ 1^32 for carcinoma of the 

nght breast by radical mastectomy and deep roentgen therapy. At an indefinite 
time after this, the patient noted that the right arm .-as perLtently s'ohen L 
a slight degree. By that time, a firmly contracted sear had formed in the right 
axilla. On several occasions from 1937 to 1942, the right arm became more than 
usually swollen for a few days at a time, but the patient was not able to ascribe 
this to any particular activity. In April, 1942, after strenuous use of the right 
arm and a minor injury to the right elbow, the arm suddenly became painful, 
tender, and severely swollen. Blotchy areas of redness appeared on the skin, and 
there was moderate fever. The picture was that of acute lymphangitis and cellu- 
litis superimposed upon chronic venous obstruction. In accordance with our ex- 


perience in cases of a similar type, in the post-thrombotic syndrome involving the 
lower extremity, 3 the condition was treated by rest in bed, with the arm abducted 
and elevated on pillows, the application of warm, moist compresses to the arm, and 
the administration of sulfadiazine. With this treatment, the patient’s fever promptly 
subsided, and, within a few days, the arm resumed its usual appearance. At that 
time the initial venous pressure was 170 mm. in the right antecubital vein, and 
130 mm. in the left. With exercise of the hand for 1 minute, the venous pressure 
rose to 190 mm. in the right arm, but remained at 130 mm. in the left. 

This case is of interest mainly because it demonstrates that the post-thrombotic 
syndrome invoB-ing the upper extremity may be complicated by lymphangitis and 
cellulitis similar to that which occurs so commonly in cases of chronic obstruction 
of the deep veins of the lower extremity. The diagnosis of axillary vein throm- 
bosis in this case has not been confirmed by exploration of the axilla, nor has a 
venogram been made. 


SUGGESTIONS ON TRE.A.TiLENT 

During the acute phase of thrombosis of the subclavian and axillarj’ 
veins, the arm should be elevated, and warm, moist compresses applied. 
Active movement of the hand should be encouraged. The position of 
the arm should be changed from time to time in order to prevent 
fatigue and joint pain. As suggested by Oehsner and DeBakey,® tem- 
porary eervicodorsal sympathetic block is helpful in those cases in 
which there is evident vasospasm. As the symptoms subside, the com- 
presses are discontinued and more active use of the arm is permitted. 

Because of the frequency of pulmonary embolism in eases of sub- 
clavian and axillary vein tbromliosis complicating heart failure, it is 
suggested that the subclavian vein be ligated proximal to the thromlm 
Such an operation is feasible because the subclavian vein can be readily 
exposed at the base of the neck, under local anesthesia. 

TThen the acute phase has subsided, little or no treatment is neces- 
sary. In cases in which there is considerable residual obstimction, ^ e 
patient may find it necessary to limit the use of his arm in order 
avoid fatigue, pain, or recurrence of edema. 


SUMMARY AND CONCLUSIONS 

Thrombosis of the subclavian and axiUary “f/es 

common than is generally realized. This report is based_on 46 cas^^ 

which we have observed during the past five yeais - 

the thrombosis occurred as a complication of heait faili , 
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„as Hie result ol effort or trauma, in 18 it was secondary to neoplasm, 
and in 2 it resulted from scar formation in the axilla. ^ ^ 

A discussion of the general symptomatology is given, and variations 
peculiar to each of the main etiologic groups have been pointed out 
The importance of measuring the venous pressure loca y cuiing exe 
cise of the hand, as well as. at rest, has been emphasized. The value of 
venograms in confirming the diagnosis and ascertaining the location of 
the venous obstruction and the extent of collateral circulation has been 


indicated. 

Because of the high incidence of pulmonary embolism when the 
thrombosis complicates heart failure, it has been suggested that liga- 
tion of the subclavian vein be resorted to in these eases, in addition to 
the usual palliative measures. 
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DISCUSSION 


Dr. B. Jablons, Brooklyn, N. Y. — should libe to asb Dr. Veal wliether there 
was any evidence in his cases of reflex involvement of the arterial system; in other 
words, whether there was spasm of the peripheral arteries. 


Dr. J. Murray Steeue, New Yorb, N. Y. — ^It seems to me that this is an ex 
traordinarily interesting phenomenon — the rise of pressure with exercise — and ii 
ex-plains very well something I saw three or four years ago. I did not know any 
ling a out Uiis test at tliat time. While doing a venous pressure measurement 

vZZhT ^egan to wiggle her hand. The watei 

ose halfwaj to the top of the manometer, and now I know why. 

I should like to make one other remark. Ten years ago a young boy was givei 

neutralizing the solution and he had an extetsivi 
thrombosis of the right axillary, subclavian, and brachial veins. He suffered nu 

^-d not seerLe: 

a series'o/seven or dg" Ws!’ There followec 
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I believe aie quite intere.sting. One was empliasizerl by Dr Mat-is It 1,-, 
slightly different turn than that which Dr. Veal emphasized, not that he v!as in 
eiror but there is an additional aspect. Dr. Veal emphasized the prolonged dis- 
abihty in tliese cases, and that is correct. But tliere is another factor wl.ich mav 
mislead a man wlio^ is not experienced in taking care of axillary venous thrombosis. 

Some of the patients witli traumatic thrombosis apparently do recover entirely 
but, in our experience, if they are allowed to go back to the same work or any- 
thing like the same work, involving the same type of motion, they may have a 
relapse. 


Secondly, the question comes up as to the nature of a chemical thromhophlehitis.- 
We have studied some of these cases, and, in a good many' instances, it seemed to 
us that more than the chemical irritation of the solution was involved. In a num- 
ber of instances, the needle actually penetrated the opposite wall of the vein, so 
that a small portion of the chemical substance was injected, not only into the 
lumen of the vein, but also into the wall of the vein, and therefore trauma was 
partially' responsible for setting up an inflammatory process in the wall of the 
vein. This can he minimized by' being certain that the needle is freely' movable 
in the lumen of the vein before injecting, 

I noticed from Dr. Veal ’s roentgenograms that, in at least one of the cases of 
chemical thrombosis, the vein w'as blocked all the w'ay' up, and not just at the 
subclavian, wdiich would be additional ev'idence, in that case at least, that the 
thrombosing process e.xtended from the site of the needle puncture into the suh- 
clavdan. 


Dr. Geza de Takats, Chicago, Hi. — Will Dr. Veal discuss the treatment of tins 
disease? 


Dr. a. WiEBUR Duryee, New York, N. Y, — I should like to ask Dr. Veal whete 
he thinks that, in any' of tliese cases, the thrombosis was caused by pressure oi 
the scalenu.s muscle. 

I believe that, in certain instances, there may' be actual mechanical obstruction 
of the subelav'ian by the scalenus. In these cases it seems logical, especially after 
the acute attack subsides, to do a scalenectomy' to prevent further recurrence. 

I should also like to ask Dr. Veal whether he uses heparin or any other anti- 
coagulant in cases of this kind. 


Dr. J. KoSS Veae, Wasliington, D. C. — As to the question of Dr. Jablons, with 
regard to reflex arterial spasm, y'ou may have noticed on the first slide that there 
was a note concerning cyanosis of the finger tips in the cold extremity. We fee! 
that early in the stage of acute thrombosis there is reflex arterial spasm of the 
entire extremity'. Tliis, however, promptly disappears with proper treatment. Later, 
in the post-thromboplilebitic stage, we have not been able to demonstrate any rea 


spasm or any' other effect on the arterial system. 

I think we would classify Dr. Steele’s case of thrombosis after arsphenanun 
as one of chemical thrombosis, not mechanical. I was much interested to mar 

that pulmonary emboli do occur in these cases. „rfpr 

As to Dr. Wright’s remarks about w'hen the patient should be discharge - 
an attack of traumatic tlirombosis, our experience has shown that we , 

discharge a patient as cured unless his venous pressure ,, ,, 

limits on exercise. Very. often, a patient will come and s.iy, am a r 
the swelling has disappeared, but, if he tries to go hac to wor , le 
he is not able to do his work. And, once you discharge the patient, you pul 
in a bad position if he is not able to continue his work, chemical 

Also, i. answer to Dr. Wright, I might say that, .. the w, 
thrombosis, the thrombosis seemed to begin at the point f 
all the way up to the subclavian. 
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Dr. deTakats has asked about the treatment of traumatic thrombosis. We 
simply prescribe rest, elevation of the arm, and application of heat. Dr. Ochsner, 
of New Orleans, has told me that he has used eervicodorsal sympathetic block 
with novocain, with prompt alleviation of the symptoms. However, wo have not 
used that in our series of cases. We simply put the patient to bed, elevate the 
arm on pillows, and apply heat. We do allow' these patients to move the wrist and 
elbow. We do not put them at complete rest. 

Dr. Dur3'ee’s remarks about the scalenus are very important. The scalenus has 
not been investigated in these cases, and it might have some bearing on the 
etiology. 

As to heparin, I have not had any experience with this drug in these cases of 
llirombosis of axillaiy and subclavian veins. 



THE ELECTROCARDIOGRAM IN THE HYPERVENTILATION 

SYNDROME' 

William Paul Thompson, M.D., Los Angeles, Calif. 

LTYPERVBNTILATION is comiiion in patients with anxiety neu- 
roses. Tile s.yniptoms jirodueed b.7 tiie nneonscious act of over- 
breathing have recently been emphasized by Kerr, et al.,^> =* mid by 
Soley and Shock, ^ and include such common complaints and signs as 
wealeness, dizziness, faintness, faintmg, numbness and tingling about 
the mouth and in the hands and arms, palpitation, tachycardia, sighing 
respiration, muscular rigidity and cramps, hi'perreflexia, tremiilousnoss, 
and, in advanced cases, fully developed tetany, with carpopedal spasm 
and a positive Chvostek sign. Tliat patients ndth the sjmdrome may 
have severe preeordial pain with radiation to the anus, often suggesting 
the possibility of eoronaiy artexy occlusion, is well illustrated in the 
cases with udiich this report ia concerned. That marked electrocardio- 
graphic abnormalities may also be produced, sometimes of a kind and 
degree suggestive of myocardial infarction, and mnch more maiW 
than the simple depression of T previously described,®’ *’ ® makes 
recognition of the s;^nidroniG of double importance. 

That tetany may be produced in healthy persons by overventilation 
of the lungs has long been laiown. Kerr, et al.,’’ ® have directed 

attention to the ease with which the hyperventilation test may he 
canned out, and the bizarre and often baffling complaints of patients 
when the syndrome has been reproduced to the satisfaction of hot!) 
doctor and patient. We have applied the test to our patients and have 
been able to reproduce not on}.y the symptoms hut tlie eleetroeardio- 
graphic abnoinnalities as well. 


MATERIAL AND METHOD 


Twenty-five patients Avitk the hyperventilation sjoidrome were observed during 
the past year at the Los Angeles County Hospital and in private practice. 
These patients and a group of healthy hospital interns and resident physicians were 
studied. In an effort to reproduce the symptoms and electrocardiograpiuc ab- 
normalities, a hyperventilation test was applied in a number of instances to persons 
who were lying quietly and supine in bed. Forced overbreathing of room ai * 
rapidly as possible and to the greatest extent to wliich the subject was capa e 
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*We are indebted to Dr. William F. McCooI of Los Angeies. and 
Cooke, of San Diego, for data concerning two of the cases. 
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was camcd out for 90 seconds or until sjnnptoms were -proaucct!. In the licaltliy 
subsects, it was sometimes necessary to continue tlio Iiypcr\'entiInt)on for tiirce 
minutes in order to produce tetany. Electrocard iogr.anis were taken before and 
immediately after tlie breatliing and at frequent intervals tUcrcafter until symptoms 
had disappeared and the electrocardiogram had returned to its original form. 
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method and the Beckman pH notl Ijiwrbonatc titration 
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The influence on the electrocardiogram of the increase in cardiac rate induced 
by the hyperventilation exercise was studied subsequently in a few resting subjects 
after inlialation of amyl nitrite or the intravenous injection of atropine sulphate. 

OBSERVATIONS 

On Patknts xoitli Norxnal Hearts and the HxjperventUaUon Syn- 
drome . — Our atteution wa.s first directed to the hypeiventilation syn- 
drome as a cause of marked electrocardiographic ahnonnalities hy Case 
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1 that of a patient wlio Avas long eonsiileved elsewhere (o have eoronary 
aHcry occlusion and myocardial infarction. IHs series of electrocardio- 
grams is reproduced in Fig. 1, and those takcii immediately before and 
after the hyperventilation lo.sl arc shown in Fig. 2. 


C.\SE 1.— L. II., a iiem, aged at years, wius an clo<arie lineman. 'J’wo iunl one- 
half years before we saw this man he sustained an electric shock Avhieh burned hi,« 
finger and caused momentnry difficulty in getting away from the wire, lie was 
weak thereafter but finished the day's work. The nest three days he hud soreness 
over the anterior part of the chest, and one month later had the first of a long 
series of attacks consisting of difficulty in breathing, dir./.iness, blnek vision, ex- 
treme faintness, weakness, palpitation, IrcnuilonsnofS, and pain across the chest. 
He thought he had heart trouble, but doctors told him be was nervous. Pinally he 
was hospitalized for stud.v. .,\J1 tests were negative until “finally an elect nwardio- 
gram was taken, and they found out wlint the trouble was.” A diagnosis of coro- 
nary occlusion and myocardial infarction was made; be was instructed to re.-;! u 
great deal, and was finally given work a.s a bill collector, lie disliked bis now work 
intensely. The siTiiptoins became worse, be was forced to bo idle imieh of tlio time, 
and spent several long periods in hospitals. 

Examination reve.aled much nervousnc.«s nl lir.-it, but he was at ea.se later. The 
lmnd.s- wore cold and clammy. Tfie heart was normal. The blood pressure wn.s 
128/SG. The lunp were normal. The liver wa.« not enlarged, and tliere was no 
edema. A slight, coarse tremor was jire.senl in the hands, awl the tendon reflexes 
wore moderately hyperactive. 

Electrocardiograms taken over a period of two and one-half year.s worn .siibrnltted, 
and are reproduced in Pig. I. He .stated that he had alway.s been frightened while 
tho tracings wore being made. His new electrocardiogram, taken wliilc he was 
entirely at oa-se, is .shown in the left hand column of Pig. 2. 

A hyperventilation test, consisting of forced overbreathing for seventy-five sec- 
onds, reproduced the s.miptonis of wliich lie complained and the electrocardiographic 
abnormalities (Fig. 2). Symptoms produced by the test included precordinl pain, 
dizziness, faintness, woakiies.s, nunibncs.«, tingling, and treniulousness. A later 
hyperventilation tost, when he was free of symptoms and the CO, combining power 
was 54 volumes per cent, again reprodueed the symptoms and elect rocardiogrnphic 
abnormalities. The blood pH changed from 7.50 to 7.-15. 


The second case is notalile with respect to the severity of llie syiujv 
toms and tlie extreme inversion of the T waves in tili leads (Fig. 3). 
Since the anxiety neurosis Ava.s firmly imbedded in this man, groat 
difSculty was experienced in finding an opportunity to study him while 
le was free of symptoms and his elcclroeardiogram Avas relatively 
normal. Because his mornings Avere Jiis hc.st time, rejicated visit.s were 
made ea,rly, Avith the result shoAvn in the control in Fig. 4. The livpcr- 
A'cntdation test reproduced his .symptoms with great severity, and the 
electrocardiographic changes in part. During recoverv the result of 
OA'ercompensation is seen, with T Avaves taller than in ‘the control. 

CIO). For .S..X months he Imd had almost d- ilv atHel-s 1 ^ 

racking pain hcros.s the anterior part of the chU “ atlL ^’11 
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pliRes The corrected sedimentation rate (Wiutrohe) was 3G and 39 mm. in one 
hour on two occasions (maximum normal, 9 mm.). The carbon dioxide comlnumR 
power and blood pH were not measured. 
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«.rai„ 6 ,a„ re.ati„„ p„a„,ea, afte 30 seecOs rfri" e ttS? 

marked c^popedal epaem, a positive Ohrostek sign, lremaloas.ee., ca.ur pS 
orj the heart, and raability to slop hjperreatilating. Pig. 4 sh.„, tl.e Lm 
dectrocardiogram and those taken after the orerbreathing. inversion of T in lea” 
2 and 3 oeearred .mmediately afterward. Of espceial interest is the tr.ei.g takm, 
19 lamules after the hyperventilation, during the recovery period, in wldclf the T 

«aves tliroughout are taller than in the control, and T in Lead IV p is entirelv 
upnglit. 














Fipr. (!. — Case 3. Control eIectrocanIlo,c;ram and Iiyporventllatlon tost on thlrty-thinl <tay of 
less. Voluntary ovcrbroathlnp poorly exocuteil, but followoil by niuoh slublnp, rosultlnir in 
erslon of Ti It inlnuto.s after start of the tc.st. 
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and noted a peculiar sliortness of breath, numbness and tingling and uain nv.r u 
lower part of the sternum and in the left shoulder. The pain varied in intenrih- 
m wave-like form, and became vei^^ severe, as if lie -had been kicked by a horse - 
He was unable to breathe deeply without increasing the pain. He became weak tlie 
whole left arm ached, and he perspired and was nauseated. The symptoms continued 
until lie was examined 18 hours later. 


Examination revealed great apprehension and slight pallor. The heart was nor- 
mal. The blood pressure was 150/90. There was no congestion. The tendon refiexe.s 
were hyperactive. 

Course. After examination, 20 c.c. of aminophyllin were given into the left 
antecubital vein. During the injection of the solution he complained of severe pain 
in the left arm, with inability to move the extremit}^ He perspired, began to over- 
breathe, and complained of dizziness and numbness and tingling in the right hand. 
Inhalation of a carbon dioxide-oxygen mixture brought relief of all symptoms except 
the pain in the arm. He was unable to move the arm for several days, and was 
afraid to change his position in bed. He complained that his heart felt “big,” and 
developed an extreme cardiac neurosis. His temperature was normal throughout. 

Laloratory Data . — The hemoglobin was 100 per cent, the erythrocyte count, 
5,240,000, and the leucocyte count, 17,800. Differential leucocyte count: neufro- 
philes, 66.5 per centj lymphocytes, 28.5 per cent; monocytes, 3 per cent; eosinopliiles, 
2 per cent. The leucocyte count gradually fell to normal by the twentieth day. The 
sedimentation rate was not done until the twentieth day, wdien a fall of 12 mm. oc- 
curred in 88 minutes (normal, 12 mm. in 120 minutes, Linzenmeier). 

The electrocardiogram was normal at first, then late inversion of T, appeared 
and persisted until the thirty-second day (Fig. 5). Abnormalities of QBS were 
not observed. 

A hyperventilation test, performed on the thirty-third day, was preceded by ap- 
prehension, sigliing, and tingling in the chest and shoulders. The overbreathing was 
poorly performed, but set off involuntary sighing and resulted in inversion of T, 
after 41 minutes (Fig. 6). After the test he developed tremulousness and a sense 
of weight over the heart. 


Changes in the QRS complexes have been inconspicuous in our cases. 

In but a single case has the QRS change been such as to suggest the 
possibility of myocardial infarction, and was even then limited to tlie 
chest lead. In this instance a well-mailced abnormality in QRS in 
Lead 4F foUowed a painful seizure diagnosed elsewhere as acute myo- 
cardial infarction, with return to normal by the time we were con- 
sulted. The hyperventilation test, performed because of our uncer- 
tainty about the question of infarction, produced variations in QRS 
in Lead 4F of a similar kind, but less in degi’ee than those which Imcl 
occurred spontaneously (Figs. T and 8). 


Case 4. — Mrs. L. D. W., aged 54 years, was a housewife. The histoiy was one 
of a lifetime of nervousne.ss, easy fainting, and frequent sighing respiration. Yca^rs 
previously her only pregnancy was terminated because she was iU with cramps an 
spasms in the muscles of the extremities. Twelve j-ears before our 
menses ceased. Thereafter she had had much nervousness, weeping, hot flashes, su 
perspiration, throbbing in the head, dizziness, exhaustion, faintness, and fam mg. 
jection therapy for the menopause had never been given because of , 

needle. Oral therapy had not been given with regularity or f ® ^ thus 

imprevei as time passed, and her husband became intolerant of her in / 

aggravating it. 
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Two years before we saw her she experienced marked respiratory difficulty in 
the form of a nervous catch in her breath, gasping, and extreme exliaustion Such 
attacks were frequent, sometimes lasting a whole day. Many doctors' were con- 
sulted, and wide differences in opinion were exqjressed. An electrocardiogram, taken 
two years before we saw her, was normal (Pig. 7, first column). ' 



CONTROL 
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Ke. 8. — Case 4. HjTerventilation test on July 1, 1941, was preceded ^ pawning 
and lowering of T, as compared to last electrocardiogram in Fig. i. Immeaiawy 
after forck voluntary lijTJerventilation for 75 seconds the T waves became lower 
and QRS in Lead 4P became triphasic. 

On March o, 1941, three and two-thirds months before we saw her, she experi- 
enced a severe,’ tight pain about the left breast and xiphoid, rising to the throat, 
where a spasm followed. She had much diificulty in breathing, and fainted. Seven 
more such attacks followed in the next sLx days. On March 12 she ; 

physician who diagnosed heart disease. The electrocardiogra^m ^ 

Ld those taken snbsequently are reproduced in Pig. /, ending ‘ 

made the day we first saw her (June 28, 1941). Hospitalization w^ adi^ed on 

March 12, but refused. She spent most of her time in f^i^of a dull 

was never free of some kind or another of chest pain, usua y 
aoie aljout tie left breast and asilla, often mterrnpfed 

ting sensaHons. Pr.eordl.l tenderness rras marked and na, 1 

There rras no fever. She developed much fear 0 su en - heahhv. 

Egamiaetio. revealed a weeping, dej«ted woman « ‘<> ,;„„„„rs. 

The heart was normal in size, the sounds were normal, and there 
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,, The liiiitrs were nomal, Ulo .iugulsMs were not. (lis- 

nw. T.» „«.xc. ,ve.„ 

normnl Fluoroscopic and orfhodingruphic examination sliowd a Iieavt. of norma 
Z "n3 shape; its position and pulsation nTre normal. The lungs rvero nogaine. 

Three days after her initial visit she rclarned for further study. A ’'^rvrn- 
tilaUon lesi nas preceded by considerable yawning. The control 
showed slight inversion of T in Head -JF; tins had been absent .. d.i>. befon, anl 
was presumably caused by the overbreathing attending the yawning. A ter 
seconds of moderately forced voluntary hyperventilation, a change in QbS m Le.id 
4F appeared; it resenibled in kind but- not in degree the changes previously observed. 
Tlic small Q in Lead 4F disappeared after a dozen cycles. Lowering of T in the 
standard leads and deeper inversion of T in tlic chest lead were also noti-d. with 
return to the control eonformatioii in five minutes. Beeaiise of the e.vtrenie anxiety 
of the patient, hyperventilation was not continued to tiie ]U>int of earpopedal spasm, 
tremulousness, or a positive Chvostclc sign. 


The next patient’s clectrocarcliognini wtis noi-iniil tvlien site was .seen 
by ns, but she had previon.sly been told lhat she might have ]ienoardilis 
hecanse her T Avaves tvero low. Her liyiicrvcntilation Ic.st. pvednecd 
striking electrocardiographic changes, consisting of S-T depression, 
Avith lowering and invcvsmi of T (Fig. 9), rather Ihnn the late type 
of inversion of T Avhich occurred in the first four eases. Tlii.s lyjie of 
alteration has been more common in our easc.s tlain the more striking 
late inversion, and resembles the changes Avhich occur Avhen tlic test is 
applied to healthy suh.iccts (Fig. 10). It is quite likely Ihsit the 
.syniptomle.ss state of this jialient at the time of her tost caused her to 
behave like a normal pci’son. 


C.vSE 5. — Mrs. II. AI. H., aged .TS years, was a housewife. For fifteen years 
the patient had had many uttaek.s of palpitation, tachycardia, gn.sping re.‘-piration. 
dizziness, apprehension, weakness, nausea, and a- e.intcliing sensation in the left, nntc- 
rior axillaiy line. Slie felt cold and trenniloii.s during tlie attacks. Her anxiety 
liad been mueli increased when a phj'sician cxprc.ssod his snspieion that her low T 
waves were the result of pericarditis. 


Examination was entirely negative. Sighing and objective ovidcnco of appro- 
liension were absent at the time of lier vi.sit, T'iie heart was normal iu size, the 
sounds were normal, and there wore no inunnuns. The blood pressure was 114/SO. 
No congestion was found. Tlio tendon reflexe.s were moderately hyperactive. Fluoro- 
scopic examination revealed a lieart of normal size, pulsating norniallv, and normal 
lungs. ■ I 


A hi/iierventilntion test, curried out when .slie rva.s free of symptoms and at 'ease, 
was continued for 85 seconds, and resulted not only in conspicuous lowerin'^ of T in 
eads 1 and 2, but also in S-T depression in leads 2, 3, and 4F, and in inversion of 
in eads 3 and 4F (Fig. 9). Tiic induced symptoms and signs included dizziiic.ss, 
) ackness before the eye.s, headache, numbness and tingling in hands, a sense of 

pSithrSi^-ostek' u 

positne Chvostek sign. Carpopedal spa.sm did not appear. 


Ohseivahons on Pahenis 2 vii.h JIcuH Disease and ihe Jlyperveniila- 
Inltv^ patients Avith heart disease, Avho have had 

These and the hyperventilation syndrome, have been observed 

Ttae only smo to ompl,asi« that a diasnosis of l.ypemntlion 



384 


AMERICAN HEART JOURNAL 


sjuidrome does not preclude the possibility of concomitant heart disease. 
One such patient, an Army colonel, 52 years of age, had acute coronary 
artery occlusion, with posterior myocardial infarction, which was typical 
in all respects, including serial electrocardiographic changes, hut his 
sjunptoms after subsidence of the initial pain were those of hjTien'entila- 
tion, and included neiwousness, sighurg respiration, muscular cramps, 
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OUsrmtwns on Eealthy SnhjecU.~ 1 ],e hnierventiktioi, test n 
applied to SIX healthy young doctors. Ovcrbreothing was continued to 
the point of carpopedal spasm in five of them, for wliich about two and 
one-half to three minutes were required. In all on whom the test was 
carried far enough, electrocardiographic changes were' observed. These 
consisted of acceleration of rate, depression of S-T segments, and lower- 
ing or flattening of T waves in any or all leads. Tlie most conspicuous 
changes ^vere seen in Leads 2 and 3. In the first three columns of Fig. 
10 a typical result is reproduced. Late inversion of T was not observed 
in any of the healthy subjects. Tlie carbon dioxide combining power was 
normal in all, ranging betiveen 56 and 64 volumes per cent. The pH 
of the venous blood before tbe test Asms normal in all, ranging from 
7.35 to 7.38, Avith increases immediately after liApperventilation of 0.06 to 
0.12 ; the maximum figure Avas 7.52. In addition to measurement of the 
control COo combining poAver, measurements Avere at first made on 
blood taken after tbe hypeiwentilation, but the changes Avere insignificant 
during the short period of tlie tests, and the practice Avas discontinued. 


CAU.se of the T-AVAAtE ABNORMALITIE.S 


Overbreathing Avashes excessive amounts of CO2 from the lungs and 
secondarilj' from the blood, resulting in the loss of acid ions and a 
shift of the blood pH in tlie direction of alkalinity. In our healthy 
subjects the maximum alkaline shift occurred at the time Avlien the 
eleetrocardiogi'aphic ahnormalities ivere at their maximum. The as- 
sumption is that the ahnormalities are the result of alkalosis. Similar 
alkaline siiifts have lieen observed during the test in some of our patients 
AAUth the hy’perventilation .syndrome, lioAvever, Avithout change in the 
electrocardiogram. In addition, Avell-marked, spontaneous, T-Avave in- 
Amrsion has occurred in some of our patients at times Avhen the pH 
of the venous blood w^as normal. These observations raise some question 
AA’-hether a rise in pH is the crucial factor in determining electrocardio- 


graphic change. 

When CO2 is exhaled in excessh^e amounts, a state of uncompensated 
CO 2 deficit folloAA^s. If this deficit is continued for a sufficient time 
(longer than 3 minutes, or less, in our tests), base is excreted in tlie 
urine, an alkaline urine is produced, and the CO2 eombining power of 
the blood is reduced. A state of compensated CO2 deficit is thus pro- 
duced, and the pH returns to normal. Three of our patients were 
admitted Avith CO, combining powers of 35, 35, and 36 volumes imr 
cent, respectively. Tavo of these patients had AveU-marked T-wmve in- 
version Avhen the combining pOAver Avas ioAV, and one of them exhibi c( 
only minimal depression of S-T in Leads 1 and 4F. Two of them vei 
studied later, Avhen the eombining poAver had risen to 48 ^ 

cent, at Avhich time the e]ectroeardiograra.s Avere Amchanged. 
tunately, some of onr patients Avuth the most striking e ec 1 
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gT’apliic abnormalities were observed early in the coni'se of tlie study, 
before chemical observations ivere being included.. At present it ap- 
pears that neither the degree of alkaline shift nor the extent of loweiing 
of the CO 2 combining power is the sole factor in determining the kind 
or magnitude of the S-T and T changes. Much more study is necessary 
before this is established, howevei-. Even if one of these factors is sub- 
sequently found to be the important one, the exact mechanism by Avhicli 
it operates in altering the electrocardiogram must still be explained. 

Barker, et al.,® liaAm shown that the hyperventilation of air from a 
large dead air space, by means of which the removal of excessive 
amounts of CO 2 from the lungs and blood may be prevented, will result 
in no tetany and no change in the electrocardiogram. Soley and Shoclv* 
relieved the s 3 'mptoms of their patients bj’’ the administration of atmos- 
pheres containing 2 to 5 per cent of CO 2 . Fig. 10 illustrates a similar 
experiment on one of our healthy subjects. In the fourth column is the 
control tracing, made a Aveek after the hj'^perventilation test illustrated 
in the first three columns. Forced liyperventilation Avith a mixture 
of 5 per cent CO 2 and 95 per cent oxj^gen Avas carried on for 3 minutes. 
The expei’iment Avas not conducted too satisfactorily because the subject 
breatlied tlirough a loose-fitting face mask Avhich alloAved an insufficient 
floAV of about 12 liters of gas mixture per minute. The experiment 
led to slight tetan}^ (much less than during the previous experiment), 
Avith a pH change from 7.40 to 7.48, Avhieh Avas again much less than 
before. S-T depression did not occur, although the T Avaves in the 
standard leads did become slightlj' loAver. It is reasonable to assume 
that, had the experiment been condueted luider more ideal circum- 
stances, both the tetanj'- and T-Avave changes Avould have been absent. 

In the normal subjects and in manj^ of the patients Avho AAmre tested 
after recovery from the syndrome, S-T and T alterations Avere never 
observed in the absence of appreciable increases in heart rate. In 
these subjects, depression of S-T, especially in Leads 2 and 3, Avas more 
conspicuous than flattening of T, and late inversion of T Avas never 
observed. A good example of this is illustrated in Fig. 10. To study 
the effect of acceleration of the heart rate Avithout lij'^perventilation, Ave 
administered amyl nitrite by inhalation to tAAm subjects, and 2.6 mg. 
(%5 grain) of atropine sulphate by vem to another. The resulting 
changes Avere similar to those produced by hyperventilation. In Fig, 10 
the effect of amyl nitrite on a healthy subject is illustrated in the 
last column. Although the acceleration Avas not as great as that after 
hyperventilation, the result is obviously similar. 

Acceleration of rate is not the cause of the conspicuous late inversion 
of T shoAvn in Figs. 1, 3, 5, and 7, Avhieh illustrate cases in Avhich T-Avave 
negativity appeared spontaneously. It is Avholly possible that accelera- 
tion is the cause of the S-T depressions, but not of the late inversion 
of T. 
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MSCUSSrON 


t IS evident that patients ivith the hjTierventilation syndi-ome at 
times show conspicuous, late inversion of the T waves. Others show S-T 
depression and pronounced lowering of T, possibly through the media 
tioii of acceleration of rate. Earely, QES abnormalities may be ob- 
served. 

The ramifications of this are considerable in cardiovascular medicine, 
for the sjmdrome often includes severe preeordial pain which suggests 
the possibility of coronary artery occlusion. The symptoms, plus the 
electrocardiographic abnormalities, must make the physician careful 
not to be led to an erroneous diagnosis of m^mcardial infarction, ivith 
its resulting accentuation of the already severe anxiety neurosis. Al- 
though the eleetroeardiograpliic abnormalities are distinctly not those 
of myocardial infarction, they have nevertheless frequently been so 
interpreted in the cases we have seen, and we ourselves have made the 
error. 


The, Possibility of Heart Disease . — The possibility that our patients, 
espeeiall 3 ’’ those with late inversion of T, actuallj’’ suffered minor in- 
farctions wliich did not produce ordinaay patterns, and that the hj’^per- 
ventilation sjmdrome was simplj^ an added factor, cannot be lightly 
dismissed. Barach et al.,° have cited the work of others^'*’ 
and pointed out that alkalosis produces vasoconstriction. Tliey have 
shown, also, that the experimental inhalation of low-oxygen atmospheres 
is attended by’’ hy^ierventilation and an alkaline shift. When patients 
vrith the anginal syndrome are subjected to low-oxygen atmospheres and 
develop S-T and T deviations, it is possible that the deviations are 
due to vasoconstriction produced ly alkalosis. Such a mechanism, it 
must be admitted, could operate in our cases; the vasconstriction migJit 
reduce the blood supply^ to the my’-ocardimn sufficiently^' to reproduce the 
spontaneous electrocardiographic patterns. It is our belief, however, 
that our patients have nonnal hearts. We have no final proof that 
the hearts are structurally nonnal, for all of the patients are still living. 
Against the presence of coronary artery disease are the relative youth- 
fulness of most of them (the youngest who was thought not to have 
heart disease was 25 years old, the oldest, 62 years; average, 40.5 years), 
the fact that 10 are women, that none had hypertension, and that none 
had fever after spontaneous attacks. 

Leulmcytosis and an increase in the sedimentation rate were observed 
in two cases. Whether or not such changes can he produced by alkalosis 


is now under consideration. _ 

Frequency of 'Electrocardiographic Abnormalities. —In only six ot 
the 25 persons were all of the electrocardiograms normal. We suspect 
that most patients with the symdrome, if not all, will 
malities if tracings are taken at the proper time_ It is 3 
changes would be conspicuous when the blood pH has 




,„0MI-S0S: K.Krr.u>c«u^M .s „vprnvKSTn.vr.uN svNmu.MU ... 

„rn-kodlv toxvavd alkalinity, still more vonspioumis ula n an alk.nlim. sim t 
om!;" in a pationt. xvko kas alvoudy lost an ap,>.--.al. • f 
alkali rosovvc. and onlin-ly aksan) in a p;iti,-t>t nl.asv t.. 

is not takon until ho i.as ivoovorod iron, his synphoms uml th- dn.loa..- 
tiou of his aoi.l-haso balnnoo. (/aso t is sn.«!, an oNan.plo; tho .nntrol 
ti-aciiui in Fill. 2 wis onliivly inmnal (with tho patnnt at oro.--. ann 
all trnoinss whirl, show.-d inwrsion of T non- takon wlun .f was 
frhd, toned hv tho pn-oodnn- (Fin. Ik It is fni-thn- lil:oly shat th- 
hyporvontilation tost wilt fail to .vi.nMlno.. elooinv.-a.-dioova)dno annor. 
nialitio.s in striking <lo<iroe wln>n .-ooovory fi-om tho syndf-ano 
aIlow(Ml to pi'oirrcss too far. 

Jhipt rvt nliUiliiw in Oih<v ('<in<li(v,ns.- A\ is only nasonahh- that 
livporvenlilation may ho a fa<-tor in tho iroiiosis o*. syinp’o.iis in a v,id<- 
varioty of disousos whon the rloniont of anxioty is added, Sue), ai! 
oxninplo is tho Army oohmol. whose syjnjUoms. afn r snleiih nee of th- 
initial pain of i-oronary arteiy ooelnsioji. wen* <-le.irly Ihos/. of .-inxi- ty 
and hyporvontilation. t'aso -I is that of a metioi.;uis;d noman nie. 
snff(‘i-od also from hyperventilation. 

Sohorf'' has attrilmtod .‘s-T depression and iiei'.'itivity to the no n-o 
pause. Jlis traoinirs wore similar to ouj's, and .‘eiurnid to no.-n.a! nlen 
estroironie therapy i-elioved the .syjnptoms of the nn nopans;.. If fjo? 
inp.ossiido tliat Ids elootroonnlhii-'raphio doviati<ins wo.-e, in faet. tia- 
rosnlt of hyjH’n-eniilation. 

Orayhiol. Starr, and Wliito’’ .•ejMirlofi .st.'!' .'.nd T |•han!^ after the 
inhidalion of tohaooo smoke. Tlieir oleelroeaidioifram-. are sifnikar 
to ours. We have had the opportunity to oh.servt- them oontjnot on.e 
of their tosl.s, durini: wirndi the suniko of on(‘ to throe eioai.,.*^..., v..;.,, 
inhaled as mindly and deeply ;.s possihlo, Jlypei-vontilatioi! m.-.y have 
been vesponsihlo for tho olootvooardio!,M-iiphio ohaniro.s. 

.sr.MMAUY 

1. Patients with anxiety neiirose.s and tlie hypefveitlilution syndro.i.o 
fi'o.pU'nll.v exhibit nmrltcd olej.lroe.'ijNlioerajihte .’ibtiormaliiit.s, o.onsisj. 
iiif; either of hit.! inven-sion of 'f, <ir of S-'i' d<‘pressinn wit), m.'trlcofl 
lowcrin" of T. Any or all leads nn.y he involvetl. Qlh^ elianue.s Imve 
been observed in hnl. a single ease and woi-e limifi'd to Le;id -IF. 

2. Tlic abiiornialitie.s disfipjioar when .-oeovery from the. svndrome 
takes place, init may lie i-oprodneed !>y volntit:ny hypei-veiitilntion if 
reeoveiy has not beeonn; loo fi.-mly established. 

3. Lvidence is p.-esenled to .s.m»o.st that Dio abnormalities nim the 
le.snJi, of alkalosi.s, but eerlain dl.screpaneic.s raiso some question wholber 
uii.s IS the solo factor. 

^ 4. Since .sr.vorc proeoi-dial jifiin may bo ineliidod in Dm svfidrome 
reeo^ntion of Dieso nmi-lvod olocD-ooardio-raphie .abnonnalitie.s assumes 
mpoi lance, osi they be attril.utod to in fa vet ion of the heart with the 
result ilial. Die anxiety neuiusis boeomes worse. 
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DISCUSSION 

Dr. Francis L. Chamberlain, San Francisco, Calif. — Dr. Thompson has sho^vn 
very well the changing electrocardiograms of nervous people with nervous hearts. 
However, it should be emphasized that there are mechanisms other than hyper- 
ventilation that may be responsible for electrocardiographic changes of this type. 
Dr. Paul AA’'hite, Dr. Ashton Graybiel, Miss Ola Nagle and I have found that hyper- 
ventilation is one of several mechanisms. 

A^ariation in the position of the diaphragm is of importance. Thus, deep inspira- 
tion or the sitting position lowers the diaphragm, and, in so doing, may invert 
T waves, especially in Leads 2 and 3. 

Apprehensive persons often breathe during periods of excitement in such a vay 
that their reserve air is greatly increased at the expense of their complementa air, 
thus lowering the diaphragm. This may be an important factor. 

In some patients hyperventilation may similarly lower the diaphragm. 

Autonomic nervous system imbalance also appears to result in ^ o. 

malities, as shown by' the effect of epinephrine, atropine, ergotamine, 

l/is well to remember that hyperventilation may reverse T wav^ 
is abnormal. Two of our patients in the past tliree years, wio obviously 

cardiograms wliich became abnormal with liyperven i a ion, died 


cardiograms n’liieh became 
patients who fitted into ti 
very suddenly, and the autopsies showed that death was 


have since 


Ott-i .1 .♦ lY»/\TnP 

patients who fitted into this so-_caUed ,^DTerventi Mion j coronary disease. 



Clinical Reports 


TRICUSPID STENOSIS AND PULMONARY STENOSIS 
COMPLICATING CARCINOID OP THE INTESTINE 
WITH METASTASIS TO THE LIVER 

Samukl Millman, M.D. 

Brooklyn, N. Y. ' ' 

T ricuspid stenosis is usually found in association with other cardiac 
lesions, particularly with valvular disease of the left side of the heart. 
As an isolated lesion it is considered a clinical curiosity, and in associa- 
tion with pulmonary stenosis it is even more uncommon. 

Among the 194 collected eases of tricuspid stenosis of Leudet,^. J. B. 
Herrick,^ Griffith,® W. W. Herrick, and Putelier,® only three instances 
of tricuspid stenosis and pulmonic stenosis without involvement of the 
other valves were reported. In 1880, Oslei’® presented a case. Cabot' 
reviewed 33 eases of tricuspid stenosis in association with other valvular 
lesions. There were two eases of stenosis of the tricuspid and pulmonary 
valves. Castellanos and his associates® have also described a case. 

The clinical aspects and circulatoiy dynamics of tricuspid stenosis have 
been adequately deseril)ed by Friedlander and Kerr," Altschule and 
Blumgart,^® Altschule and Budnitz,” and Kerr and Morrison.^- In 34 
cases of tricuspid stenosis the diagnosis has been made clinically. 

Because of the rarity of the combination of tricuspid and pulmonary 
stenosis Avithout other valvular lesions, and the difficulties encoiintered 
in diagnosis, it is felt that this case is worthy of record. 

CASE REPORT 

B. K., a 44-year-olcl woman, married for 23 years, who had had five full-term 
pregnancies without any untoward manifestations, was admitted to the Jewish 
Hospital Oct. 11, 1940, with a history of weakness and increasing fatigue for the 
preceding seven year.s, dyspnea for five j'ear.s, swelling of the abdomen and lower 
extremities for two years, and cough for four days. 

Her family history was noncontributory. Tliere was no history of rheumatic 
fever, tonsillitis, or other infectious diseases. 

Eight and a half years previously she had several attacks of pain in the epi- 
gastrium and right upper quadrant of the abdomen, radiating to the back, and 
associated with nausea and vomiting. One year later, during her pregnancy, she 
had another attack which was diagnosed as gall bladder disease. No cardiac or 
hepatic disorder was noted at tliis time. 

(We are indebted to the Beth Israel Hospital, of New York, for the following 
history a nd data, most of which were obtained after the patient’s death.) 

^ Prom the Jewish Hospital of Brooklyn, Medical Service of Meyer A. Rabinowitz. 
Received for publication April 4, 1941. 
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On Jan. 14, 1936, she was admitted to the Beth Israel Hosnital a-iti, i • 

of fatigue of two and one-half years’ duration. This occurred after he 
nancy (1933), when she noted increasing fatigue--.she was “run doum” and 
out. Her ability to do her everyday work had definitely decreased She harl ne 
ten distobea by climbing fmo fligbtn of sWir., b„t 

lausted, verj' short of breath, and disturbed by the rapid beating of her heart She 
could not stand for any length of time without support. The fatigue and breatliless- 
ness increased. Two months before admission she had generalized itching- this 
lessened considerably just before entering the hospital. Her physician whom she 
consulted three weeks prior to admission, said she had some form of “heart trouble ” 
He did not notice any hepatic enlargement. There was never any jaundice. She had 
lost 10 pounds in the two years prior to her admission. She also was possibly in her 
climacteric period, for her menstruation was irregular and she had vasomotor phe- 
nomena. 



Examination at that time showed a normal pulse rate, temperature, and respirator! 
rate. She did not appear acutely ill and she showed no dyspnea. Tlie sclerae acre 
slightly icteric. There was a peculiar flushing which varied greatly with emotion.! 
changes. This, the patient stated, she had had for as long as she could remehiher 
There were numerous excoriations over the entire skin surface, especiallj the tnm ' 
There was no engorgement of the veins of the neck. The lungs were norma . 
cardiac apex impulse was barely palpable 8.5 cm. from the midstemal line. 
sinus rhythm was present. At the apex there was a systolic murmur n 
area there was a harsh systolic murmur which occupied most of s.vsto e. m. ^ 
murs were recorded plionocardiographically. The pulmonic sjsto ic 
to be audible in the left interscapular area, but this was not Pj;;" 

graphically. The pulses were regular and of good quabri. ,, , rircula- 

was 102/78. Examination of the abdomen revealed no ascites or c 


MIU.MAX : 


TUKUIKPII) CTKNOSJK AN!1 rrUMONAKY R'n'NdSlS 


',m 


lion on (lio anterior pnrface; there were, however, amne 


(tilated veins over the lower 


part of tho back. The liver was enlarged, extending to the ninb.liens n he in«(l- 
portion of the anterior surfaeo was extremely convex and felt somenhut . 

spleen was not felt. There was no edema of the lower extrenut.es, and there nas n<. 

clubbing of tho fingers or toes. 

Itoentgenograms of the chest, taken dan. 37, 19.30. showed that the Inng.i nere 
normal. The heart was normal in .size, shape, and position. The roentgennkvmogram 
was normal. Tlie aorta appeared elongated. Obliipie views ‘howed no nnncnlar or 
ventricular onlargemenf, Itoentgenograms of the uhdomen showed the largo mass 
in tho right upper quadrant. The gall bladder was displaced, but. its function was 
normal. Excretion pyelograins showed nothing except a displaced right kidney. 'I Im 
cloctrocardiogram was normal, except for low voltage; the rate wa.s 79, and left axis 
deviation was pre.sent. The urine was negative. Tin? erythrocyte count wns •t.aon.tmu, 
with a liemogloliiti of (in to 7d per oent. The venous pressure was f. em. The iclerii- 
inde.x wns increased. The eholesterol was 2(’)3 ing. per 399 e.e. of serum. The arterial 
Wood carbon dioxide content was -W.O per cent. TTie oxygen .‘saturation was 92.-1 lier 
cent. The venous Idood eariion dioxide content was -tS.T jier cent, and the oxygen 
saturation, (i7.4 per cent. 

On her fourteenth day in the hospital the patient develojied fever nnd beenme 
markedly jaundiced. Her liver incre.ased in .“tze. Operation was udvi.sed, but .“he rv 
fused, and was discharged Feb. G, 393G, with a diagnosis of hepatomegaly of un- 
known origin. 

She was rondmitted for operation I'eb. 2.T, 39:!G. A diagnosis of cyst of tho liver 
w.n.s made. On Foh. 2-1, 39.'!0’, drainage of inimerons cystic cavilio.s was jicrformed. 
Tho bloody (issue that was olitaiuod gave the appearance of liquefaction necrosis of 
liver tissue. On tho posterior .“iirfaco of tlio liver, just below the point at which the 
liver hceomos cxtraperifoiieal, oorresponding to the jnnefion of the liepalic vein and 
vena cava, there was a firm mass about the .size of a Imlf dollar and apjiroximalely 
1 cm. in thickness, ft looked like a malignant tumor, Imt it could not bo oxe.i.'-od 
because of its jiositioii. The pathologic report was “bloody fluid with necrotic 
material.” She was discharged Ajiril 33, 3!):!t;. 

(Wc arc indebted to tlio 31cth David Hospital for the following data.) She entered 
the Beth David Hospital Oct. 25, ]9;!7, witli a jmnileiit discharge from a sinus at 
the site of the operation, .Site was again operated on, and a huge tibscoss eavitv was 
found and drained. Tlie patliologisl. rejiorted .“iipiuirating graiuilating tissue. 
Lipiodol and tliorolrast .sliidie.s coiifiniied the presence of tlie cavity. She was given 
emetine tiierapy wliile in tlic liospital, and was discliarged in an iiiiproveil condition 
Dec. 5, 1937. 

TIic patient was confined to her lied lliernfter, Tlicre wa.s a gradual onset of 
edema of tlie lower part of the body and extremities, wiiicli became niurkodly in- 
durated. For eight niontlis she received digitalis and 2 c.c. of inercupurin intrave- 
nously every three or four days, and liicn inlramiiscularly. A few dny,s before ad- 
mission she “caugiit cold,” and, because of a cough nnd increasing dy.spnea, .slie 

was admitted to tins liospital. She had lost 25 jioiinds in the five months prcecdinir 
her adini.ssion. ^ 

On admission the temperature wa.s 300.2' F.; (he pulse rate, 100; the rc.spiratory 
T. 0 , and the blood prcs.suro, 7S/G0. She was poorly nourished and apponred 

moT'm 1 1 peculiar, rcddish-purplc cynnosis-n violnccoms color- 

most marked over the malar aroa.s, with a butterfly configuratiou, and a mottled 
formation over the rest of the body. She seemed to bo pigmented, but pressure ob- 
literated all color, which readily roturned, ^ 

Sho spoke with a weak, but husky, voice. Tlic vocal cord.s showed livnerem.T, 
The neck veins wore markedly engorged and prominent. There was no traehcirtug.' 
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The fundi were normal. The lung.s were r’esonant throughout. There were fine rales 
at the base of the right lung. Medium nioi.st rales and rhonehi were heard over the 
whole of the chest posteriorly, and in the axillae. The veins over the anterior chest 
wall Avere dilated. 

Percussion showed that the heart extended to the left anterior axillary line. The 
apex beat Avas not felt. Inconstant, rough, sj’stolic and diastolic murmurs were heard 
at the apex. A roughened systolic and a short blowing diastolic murmur were heard 
at the aortic area. The right brachial and radial pulsations were absent; the left 
brachial pulse Avas strong. 



1 

1 


2.-Te.le„te..og.» o,,c-4 tt.'f.'S.rKS '■ 

There was marked edema tvrfingmhreadths bcloir the 

Sit!’: in'd"^rpir pres^ r;,,V.Lr a. /.uaerease .he she . 

the reimt ot the »eck. There was marked edea.a over the sac 

The lower eatremities rf normal temperatare. 

forearms were tense from edema. difficult because 

Fluoroscopic and radiograpliic examinaUon noted that the 

of the patient's precarious conditron. not appreciably im- 

ampbtude of the pulsations of the left a d g There Avas no 

paired, and no gross auricular enlargement ,niount of fluid m 

evidence of calcification of the pericardium. condition did 

Ulfffight costophrenic sin-i the ,, u. Eobb-Steinberg 

not permit radiopaque visualization of the cava 

teclinique. ^ ventricular rate °YtheTwX 

The electrocardiogram on Oct. 11, 1 i deflection and the 

sinus rhythm, and a P-R interval of 0.16 second 
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tricuspid stenosis and PUEAtONARY STENOSIS 


• 1 T,.n,1T T c-id WP was normal. The entire Iraohipr p'lo'vcd cx- 

voltWe. 'The'clectrocardiogrnplnc diag^msis was severe myocardial nv 
Xient. Another tracing, made on Oct. 2., Ih40, showed no change 

Lahoraiorp Onta.-The blood ICline reaction was negative. mcthemogjoi 
sulfhemoglobin was demonstrated spectroscoineally. Wood; 

per 100 c.c. serum; icteric index, 10.0; phosphorus, 2.0 mg.; p losp in .o ... ^ ■ , 

chlorides, 388 mg.; sodium, 312 mg.; potassium, IS.I mg.; ehnle.sterol, (8.4 mg.; 
cholesterol, 42.0 mg.; free cholesterol, 50 per cent; total protein, 4.O., (,m.; albumin, 
190 Gnu; globulin, 2.09 Gnu; serum A./G. ratio, 0.73. The prothrombin time was 
14.4 seconds. Urine: specific gravity, 1.022 to 1.018; oiie-plns albumin and an 
occasional leucocyte. The sedimentation time was 70 mm. per hour. The hemoglobin 
ivas 50 to 07 per'cent; the erythrocyte count. 2,700,000; and the leucocyte count, 7.000 
to .0,800. Circiilatioji Sfwlic.-i, Oct. 28, 1940: Venous pressure (.jugular vein), 20.4 
cm. of water; .saccharine time, ncclc-to-tongue, sixteen seconds; ether time, neclt-to- 
lung, seven and one-half seconds. 

Except for one day of fever, just before death, the iiatient ran an afebrile eoiir.se. 
She was drowsy nio.st of tlie time. The adiiiiiiistrafion of oxygen jirodiiced iio ap- 
parent improvement. She liccame weaher and more .sliiporoiis and died after three 
and one-half weeks in the hospital. 


Discussion . — TJiero tvti.'s grctit. difficully in jirriviiig til a .salisraclory 
diagnosis. It was apparent that liie ptitient was snfi’ering from n 
tricuspid type of congestion; i.e., liic inflow type of Volliard, Ihc liypo- 
diastolic type of Fishberg, or, as Pollitzer described it, a pfiracardial 
adiastolie conge.stion. 

Because of tiie intense cyanosis, consideration was given to pnlmonar.v 
arter.y sclerosis and cndarteriti.s proliferans tind jnilnionie steno.si.s. 
Functional incompetence of llic lrien.spid valve is nsualJy associated witli 
lesions of the left side of tlie beaiT or conditions marked by increased 
tension in tlie pulmonary eireiiit. There ivere no indications tiiat any 
of these factors were present. Organic tricuspid stenosis is usually 
associated with mitral .stenosis. There wa.s no evidence of the latter, and 
the right auricle ivas not enlarged. There wa.s some evidence to sup- 
port the clinical concept of constrictive inediastinopcricarditis. However, 
there ivas no calcification of the pericardium and tlicrc ivas no reduction 
in the amplitude of the pulsations of the right and left ventricles. 
Chronic, fibrous, parietal myoendocarditis could produce the same pic- 
ture. Consideration ivas also given to primary tumor of the auricle and 
secondary neoplastic di.sea.se, ivitli involvement of the superior and in- 
ferior cava and right anriele. 


Autopsy.— ’She following are the important pathologic changes: 

Tlie pericardial cavity contained approximately GO c.c. of a clear, amber fluid 
The pericardium was smooth and glistening and in no place constricting The 
superior and inferior venae cavae were patent throughout. Tlie heart nioa.sured 10 cm 
across the base and 9.8 cm. from apex to base. It weighed 220 Gm. The apex was 

nr was .smooni and glisten- 

v g. The light atrium was distended witli po.st-mortem blood clot. Its endocardium 
-s pearly gray; this involved the entire wall „„d ..pread l.otweeu the milX himZ 



396 


AMERICAN HEART JOURNAL 


atrioventricular orMce. S.e“ rS atriotaSarTrilirlrSi'^^^^^^ ”fl 

and the free nrarpns we greatly thickened. They we pearly gray, toa 5 
inelastic The right atrioventricular orifice measured 4.5 cm. in circumfLence ' Tl.e 
chordae tendineae were fused, shortened, and thickened. The right ventricular wall 
measured less than 0.7 cm. in thickness. Tlie papillary muscles were small ana 




Figr. 3. — Photograph showing stenosis of the nulmonarj' valves. There is hypcrtropliy 

of the right ventricular myocardium. 

flattened. The pulmonary orifice was similarly stenosed, and admitted little more than 
the tip of the probe. ^Alien spread out, it measured 3 cm. in circumference. The 
valve leaflets which were distinguishable were pearly gray, rigid, and fused. There 
was no evidence of patency of the ductus arteriosus or the foramen ovale. The left 
atrium was dilated, and the musculature was flattened. The endocardium was opaque, 
soft, and gray. The left atrioventricular orifice measured 9 cm. in circumference; 
its leaflets and chordae tendineae were delicate. The wall of the left ventricle 
measured 1.5 cm. in thickness. The aortic orifice measured 7.5 cm. in circumference; 
the valves were delicate and fenestrated. 

Microscopic section showed fibrosis of the tricuspid and pulmonary vahes 
the endocardium of the right auricle. There were splitting and reduplication o ^ le 
elastic layer, with the formation of dense, fibrous, collagenous connective Jssu ■ 
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Evidence of a previous inflammatory lesion was seen at tlic rings of llio tricuspid 
and pulmonary valves, as manifested bj- new blood vessels and occasional round-cell 
infiltration. 

The ileum presented numerous nodular masses, rather firm in consislcncy, and 
yellow brown in color. These on section revealed the lj-j)ical appearance of 
argentaffine cell neoplasm. Metastasos to the regional mesentoric lymph node.s and 
several to the liver were found. The metastasis in the liver was brolcen dou ji, pseudo- 
cystic, and contained hemorrhagic and tumor tissue. 


•!— Pliotograph .showing 


-it.> flh 


ejulocarOitfs 



0*'^: tSS no, „,o,o boeon: 

fflmm o„doco,dilis of the rioht Sm? 

IWertrophy of that chamhoI■^4S I n 

cuspid stenosis. In puhnonic stenosis Im associated witli iv 

ventricular hypertrophy and Select, rigi 

probable that the niLL 1 found. It is onTf 

the right ventricle to sueli an eXit UnM? ^ow t 

decreased. «>‘'it the tvork of tlie ventrielo tva 
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Carcinoids of the intestine are poljTioid growths Avhich contain croups 
of epithelioid cells, ciiboidal or cylindrical, granular and argentaffine 
arranged in small groups or in broader bands. The uniform size, regular 
position, opacity, and lack of h:sT)erchromatism indicate only moderate 
malignancy. Jletastasis, which is uncommon, takes place in the mesen- 
teric Ijunph nodes and liver. 


CONCLUSION • 

A case of tricuspid stenosis and pulmonary stenosis, with fibrous endo- 
carditis of the right auricle, is reported. This combination without other 
vahailar defects is exceedingly rare, and the association noth right 
auricular mural endocarditis is unique. The cause of the inflammatory 
process was not ascertained. , ! 
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RIGHT-SIDED HEART FAILURE (COR PUL^IONALE) 
CAUSED BY CHEST DEFORMITY 

Case Report 

A. J. Hertzog, jM.D., ano W. R. Maxz, ]\1.D. 

Eau Claire, Wis. 


D eformity of the Ihovax as a cause of viglil ventricular lailurc is 
rare. Most of the repoiTcd cases arc in llie older French and Ger- 
man literature. Corvisarl,^ as early as 1806, performed an autopsy on 
a liunclihack who died with sym]Aom.s of cardiac failure and found 
dilatation of the right auricle and ventricle. He attributed this to the 
increased resistance offered hy the distorted Idood vessels in the chest. 
Finley, 2 in 1921, remarked on the “almost complete ahscncc’’ in English 
medical literature of any reference to the effects of .scoliosis on the 
thoracic viscera. He reported 4 cases of extreme deformity of the thorax, 
re.sulting in hypertrophy and dilatation of the heart, with cardiac in- 
.sufificieney. The left ventricular hypertro])hy which he found in addi- 
tion to the right ventricular hypertrophy in two of tliesc cases was at- 
tributed to constriction of the aorta from the sharp curves result ing from 
the deformed vertebrae. Bachinann,^ in 1S99, reported a detailed study 
of 197 patients witli severe scoliosis and kj’phosis that came to nutop.sy. 
He noticed tliat displacement of the lieart upward and in tlic opposite 
direction to the scoliosis was a very frequent occurrence. Death was 
caused liy heart failure in 116 (59.4 per cent) of the.se cases, but in 72 it 
was secondary to pulmonary disease rather than to the chc.st dcformit.y 
alone. A number of isolated reports have l)cen published. For a review 


of these eases, one is referred to the papers by Boas"' and Edeiken.'^' Reid,® 
in 1930, reported the case of a 16-year-old girl who died of cardiac hyper- 
trophy and dilatation caused by a chest defoi’jnity of fourteen years’ 
duration. Chapman, Dill, and Graybiel," in 1939, in a complete review 
of the subject, were able to collect from the literature 126 cases of fatal 
heart failure caused by chest deformity. They added 4 cases of their 


own. Clawson® found, in the records of the Department of Pathology 
of the University of Minne.sota from 1910 to 1938, inclusive, 69 eases of 
primarily right-sided failure among 4,678 cardiac deaths. Four of these 
69 eases were instances of chest deformity. Hallock and Rigler,® in 1941 
m a clinical series of 38 cases of cor pulmonale, found one in which there 
was a thoracic deformity. This was in a 17-ycar-oid hunchbaclv. 

Tlic tolloiving case is roportca Ijocausc ot il.s rarity and llic necessitv 

o£ recognising deformity of the chest .as an ctiologie agent in certain cases 
01 lieart failure. 


From the Luther Hospital. Eau Claire. 
Receivea for publication Dee. i, igu. 


399 



400 


AMERICAN HEART JOURNAL 


CASE REPORT 

A 27-year-oia -R-omaa tvas admitted to Luther Hospital in an orthopneic, marteaiy 
cyanosea condition. She had had increasing- dyspnea on exertion for several months, 
ana occasional attacks of palpitation in tie preceding three or four years. One month 
before aamission she suaaenly became more cyanotic, ayspneie, and fatigued. The 
patient had poliomyeUtis at the age of four years, but recoverea completely, with no 
resianal paralysis. At the age of nine years she severely injured her shoulder and 
neck in a fall from a grandstand. This was foUovred by gradual elevation of her 
right shoulder, with the later development of marked kyphoscoliosis. An orthopedic 
consultant at the time regarded the deformity as traumatic in origin. She remained 
a semi-invalid. 



Physical examination revealed a small woman who weighed approximately 90 
pounds. Her temperature was 99.2° P., and her pulse rate was 124:. Her blood pres 
sure was 9S/6S. The thorax was markedly deformed by scoliosis, and ttere was an 
anteroposterior convexity. She was cyanotic, markedly dyspueic, and in 
condition. There was no edema or ascites. Examination of the heart revea e ^ 
tani sounds with an increased rate. No murmurs were heard. A few mon ra 
were present at the bases of both lungs. The liver was enlarged; it ‘ 

centimeters below the costal margin. Tire remainder of the exammation 
reveal any important abnormalities. Hrinalysis was negative e.xcept for onep 
alb-umin. No other laboratory work was done. 


IIEBTZOG AND JIANZ: 
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Tlie clinical diagnosis was acute heart failure, and routine tveatmeut was uutia u . 
However, she did not respond; the dyspnea and cyanosis increased, and slu> (ie< 
the day after admission. 

Jutopsi/.— The body was 150 cm. in length, and its weight was estimated at 90 
pounds. The chest was nuirkedly deformed. There was murhed cynno.sis of the en- 
tire face and neck. Edema was absent. Examination of the abdominal envity re- 
vealed approxiniatelv 100 c.c. of straw-colored fluid and downward di.sjd.'iceiiient of 
tile liver. It extended 11 cm. below the right costal margin. The pleural eavitie.s eon- 
tained no fluid or adhesions. There was imirlted deviation of the midthoraeie .sjiino 
to the right, as.sociatod w-ith lateral rotation and kyphosis. Tliere was also a lateral 
rotation to the left of the lumbar vertebrae, with anterior disiilacement of Ibe lower 
thoracic vertebrae. The ribs of both side.«, particularly on the right, .showed con- 
siderable dispiaeeinent. Tiic iroricardial sac liad a transverse diameter of 11 cm.; 
it contained no excess fluid. 



Pi?- 2. Marked hypertrophy and dilatation of the right ventricle, 
marked IwlropJ.y^'of^h^^igir'sidT'o^^^^^ «ui-faces appeared normal. There was 

were considerably !."£ than b 1 7 "«'■< 

Markedly hypertrophied; it nieasurcd ^ mn t u^ right ventricular wall was 

able dilatation of the right ventricle (plir 21 Tl"'' w!"' ““sbler- 

normal size. The appendages, ondoeardfun/’anV” ^ appeared to be of 

The septum was reddish brown in cobr and ’sbo"L'’f ‘"'r i'buormalities. 

-isr — ■ - »»»>■ 

sSr z ™ fr VT' "T 
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greatty increased. Tliere was no evidence of empliy.senia. On section, botli lungs 
were dark red and sliowed considerable generalized edema. There was no consolida- 
tion. The pulmonary arteries, including the trunk, were patent and showed no con- 
genital anomalies. There was no atherosclerosis or dilatation. However, because of 
the peculiar position of the lungs and heart, there was some distortion of the main 
pulmonary artery. The aorta showed a minimum of sclerosis. It followed the 
tortuous course of the spine and showed no changes in circumference. 

The liver weighed 800 Gm. It was yellowish brown, and its consistency was 
normal. On section, it showed the mottled nutmeg appearance of passive congestion. 
The spleen weighed 50 Gm., and the kidneys, 150 Gm. each. They appeared normal 
except for evidence of passive congestion. The pelvic organs appeared normal. No 
enlarged lymph nodes were found. The brain and spinal cord were not removed. 

Microscopic Examination . — Sections of the liver showed severe chronic passive 
congestion. The lungs showed edema, wdth mild emphysema. There was no evidence 
of any pulmonaiy arteriosclerosis. Tlie remaining organs appeared normal. 


DI.SCUSSION 

The mechanism by which the right-sided cardiac hypertrophy and 
failure are brought about in chest deformities is not difficult to under- 
stand. The deformed thorax is small and the diaphragm is high. Since 
the thoracic deformity is usually established in childhood, the chest does 
not develop in proportion to the rest of the bodj’’. In cases of severe 
Ivjqthoscoliosis, marked distortion and displacement of the larger pul- 
monary vessels exists. As a result, tlie volume of the lungs and the vital 
capacity are greatly reduced. Emphysema is frequently a compensatory 
phenomenon. The pulmonary artery may become dilated. The pressure 
vdthin the pulmonary circulation becomes elevated. A greater burden 
is placed on the right side of the heart. This eventually leads to right 
ventricular hypertrophj'-, which maj’" be followed by dilatation and 
cardiac insufficieneju Cardiac failure is usually a gradual process, e.x- 
tending oimr a long period of time. Boas'* calls attention to the difficulty 
of uiterpreting phj^sical signs in these eases because of the great de- 
formit}’’ of the chest. It is often impossible to ascertain whether or not 
cardiac hypertropln* is present, and murmurs are difficult to recognize. 
Electrocardiograms usually reveal right ventricular hjqjertrophy. 
Roentgenologic studies show enlargement or dilatation of the pulmonarj 
artery and conus, without evidence of any significant hypertrophy of the 
left ventricle. Once the signs of myocardial insufficiency appear, as m 
other eases of cor puhnonale, the prognosis is extremely poor, for these 
patients do not respond well to digitalization. Chapman, and associates,' 
found that the average age at death of 79 such patient Avas 30 years. 
The only hope lies in early treatment of spinal deformities. 


SUJDIARY 

The case of a 27-year-old woman Avho suffered from severe kj^pho- 
scoliosis since childhood is reported. Death Avas caused by ^ 
cardiac hjTertrophy and insufficiency secondary to the dies ^ 
Attention is called to the part severe chest deformities maj ] . 

dcA^elopment of right ventricular hypertrophy and failure. 
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JUVENILE ELONGATION OP THE AORTA 

P. Y. Khoo, M.B. 

Chengtu, China 


CASE REPORT 

H. C. C., a Chinese, aged 12 years, was seen in the United Hospital in January, 
1940. He gave a liistory of dislocation of the right wrist as a result of a fall 
from a lieight of about 12 feet, three years earlier. Discharging sinuses had been 
present for about two years. The clinical impression was traumatic dislocation of 
the right wrist, with chronic osteomyelitis. Routine fluoroscopic examination of the 
chest revealed normal lungs and diaphragm. The unusual changes that caught the 
eye were a markedly elongated and tortuous aorta, with its upper end extending 
well into the left upper lung field, and prominence of both ventricles, especially the 
left. Pulsations appeared normal. The retrocardiac space was clear. A roentgeno- 



Fig. 1. 


gram taten vdth a target-film distance of 250 cm. (Fig. 1) confirmed tie uoro 
scopic observations. The heart appeared slightly wider and larger than ’1°™' ’ 
The general outline of the heart was somewhat sabot-shaped, witli moderate r 
ing- of the left border and less of the riglit. The aorta appeared 
elongated, and had a rather tortuous knob, the superior border of w iic i corr 

Prom the Department of Roentgenology. United Hospital the Assoc^a^^ 
sitiesT Chengtu, and College of Medicine, National Central Univers 
Received for publication Dec. 9, 1941. 
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, w .0 ,.»o. -.,™. «« "r::::;— 

tl.e width of the aortic shadow was o.4 om. JUe i • 

porticterh- tl,o Tl.o p„t,o... '.f; , 

Of cardiovascular disease. There was m. cyano.s.s, edoa.a, or elnbhod l.nf, r 
blood pressure was 110/(10. The urine and siool were normal. Tl>e 
85 per cent, and the leucocyte count, !>,S00. The differentml county a as norm..). 
There were no stigmata of congenital .syphilis, linfortnnately no ehw.troeardiogr.un 
was available at that tin.e. Ur. C. IVu made a detailed esamiuut.on of lie eard.o. 
vascular sj'stem. Auscultation revealed hyperdynuniie. heart .sininds, wit i a >r.i' < 
I systolic murmur at the aortic area; the fir.si sound at the apex seemed to h 
reduplicated {? normal third sound). There wa.s nothing else rcmarhable. 

In the absence of any other clinienl or laboratory abnonnalilie.s, it was difiieult 
to account for the rocntgenogjapliic appearance of the aorta and lie.art. It was 
therefore felt lhat several possibilities should be considered, among which were 
(1) a congenital anomaly, (2) juvenile arteriosclero.sis (clinically latent, perhajts 
as a result of toxic absorption from the cl)ronie, osteomyelitis of the right wrist), 
and (?,) juvenile hypertension. 


W.SCUSSION 


A search througli the recent htcrature showed no similar etist?. Xo 
comparative information could be gleaned from vocntgonohtgic sources. 
There was but scant mention of the normal aoria and its variations in 


childltood in roentgenologic text.s, including Hoe.slcr’s,^ Polovski ’.s.- and 
Vaquez and Bordet ’.s,^ or in textbooks of cardiology, suck its White’s.-* 
Pathologic or congenital enlargement or elongation was not dosm-ihed. 
Some textbooks of medicine and cardiology- briefly mentioned llie oecur- 
reiiec of arteriosclerosis or of hyporlen.sion in cliildliood, but .said 
nothing about any roentgenologic cbange.s. Occasional reports of 
.juvenile arteriosclerosis have appeared in the literature. Ouild, 
Kindell, and Gibson- doscriljcd two such ea.sos in detail, in one of which 
there was mild involvement of the aorta, but no roentgenograms were 
shown. The writer therefore feels that the rocntgonogi-aphit; cluumes 
m the case reported liere are unique, in spite of uncerlainfv coneernin.> 
the causative factor. It appears that thorough .studies of the roent-mno" 
lo^c appearance of the normal aorta and its variations in childliood" not 
excluding pathologic eliange.s, arc indicated. 


Marked elongation and tortuosity of the aori-i wiib i 

pheatea chronic osteomyelitis. Ii, was felt tlnl (h " '°"’- 

»nec of the aorta and heart might ho cxplsi, id 1 nr""'”' 

*»™a,ity, „C (2, come ,p™i,e dogeperotive o,- tplotrolar'S,;:! 
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brought about bj'- unkno-\vn factors (toxic?) which were perhaps related 
to the chronic infection of the right wrist. 

The writer is indebted to Dr. S. H. Wang for his invaluable help in the prepara- 
tion of this article. 
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TWO CASES OF DISSECTING ANEiniYSW 01*’ TJfl*: AOETA. 
WITH ANTE-:\[OKTEM DIAGNOSIS 

M. E. Thomas, !M.D., akd A. Eiazaucth Gai!1!i;i{, >M.D. 
IXDIAXAPOIAS, Ixn. 

TN 1933, Shennaii collected from the litcralurt! three hundred seveii- 
teen eases of disseetinji aiionrysm of Die aorta, in six of u-hieli the 
diagnosis had been made antemortem. Since that time there liave lieen 
numerous reports, indicating an increasing interest in, and more fref|uent 
recognition of, this morbid state. One hundred lifly-one ease.s have been 
reported in the American literature since Shennan s review. ()f tlu'.sv. 
an ante-mortem diagnosis ivas made in thirly-fonr. To this group wo 
are adding two cases in which the diagnosis was made clinically 
Two hundred eighty-three cases of hypertension of wnlmis hinds h-uv 

Jis Ut} Hospital during the pa.st four years. Two patients in this 

onitaie "" ^ 

had had „„ p,cvio„a i,|„od 

to have hypertension, and the other ni.w.ion! . • 

Two patients had a normal -irleri.,) . .. 

of s3Tnptoms. Since di.s.sceti'n<r ‘‘'"'I offer the on.sd 

of hypertension, and is associatedTiD?VL"ir'''’'''^^^ “ complication 
are presenting the features wind, i y "’■''•hP’P.'’ of cases, we 

fcase, ,viU, s,.l,.,cquc„r„„l,„ ,,, h' m? il"' ‘'‘’I"''’'""' ‘'"lumM v 

tensn-cs. Yet th« l,vo cop S i., I.v,,,.,.. 

toms, have a differom 1 '’‘‘'“'"t 'hnilai- .sv,,,,,. 

Sion recover, ' l>»l«nils mill, 
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liypertensiou because of papilledema, retinal hemorrhages and exudates, and a 
marked elevation of blood pressure. At three o’clock on the morning of admission 
the patient had a severe substernal pain which required a grain of morphine for re- 
lief. In the opinion of the referring physician, the patient had coronary occlusion. 

Physical examination .showed papilledema and moderate constriction and sclerosis 
of the retinal arterioles, with hemorrhages and exudates. The tongue deviated to 
the left and the mouth was drawn to the right. There was moderate cardiac enlarge- 
ment, with a loud s3'’stolie murmur at the apex; intermittent gallop rhythm wa.s 
present. The blood pressure was as follows: left arm, 222/158; right arm, 218/152; 



Fig. 1— M. S., autopsy specimens, showing aorta, renal vessels, Itidney-s, and meter. 

left leg, 268/194; and right leg, 292/214. All of the reflexes were 
During the patient’s hospital .stay of twenty-eigi per cent to G5.4 

count fell from 4.9 to 4.0 million, and the hemoglobin fi ^ 35 per 

per cent. A leucocytosis of 14,000 persisted. The urea clearance arjaged P _ 

cent of normal, and the blood urea nitrogen range diameter 

mg per cent. Hematuria was present con&tantlj. showed 

"f. +27 per cent (n.gerl.iaor-Clrfe), A roentge.ogram .1 tI,o 
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some widening of tlie aorta. The erectrocardiogram showed inversion of the T wave 
in all leads, and a biphasic QES in Leads II and IV. The impression from the 
electrocardiogram was that coronary occlusion might have occurred. There was 
gradual improvement, as indicated by later electrocardiographic changes. 

Because of the constant substernal and epigastric pain, without fall in blood 
pressure, a diagnosis pf malignant hypertension and dissecting aneurysm of the aorta 
was made. In order to confirm the diagnosis, a fluoroscopic examination of the chest 
was done, and this revealed generalized widening of the aorta. The aorta east an 
unusually dense shadow. 

During his hospital stay the patient complained almost constantly of pain in the 
back of the neck, beliind the sternum, and in the epigastrium. On the twentieth day 
a to-and-fro friction rub was heard along the left border of the sternum. The pain 
increased in severity and his pulse became irregular. There was a moderate febrile 
reaction and the leucocytosis persisted, but no changes were recorded in the electro- 
cardiogram. Three days later the pain became almost unbearable and continued 
unabated. There were marked abdominal distention and occasional projectile vomit- 
ing. Persistent gallop rhythm developed, and the heart sounds were sharp and 
snapping. The patient died unexpectedly, while asleep, on the twenty-eighth day 
after the onset of pain. 

Post-mortem exaniination by Dr. H. C. Thornton showed that the left pleural 
sac contained about 1000 c.c. of serous fluid. The lung was collapsed and the medi- 
astinum was pushed to the left by a large blood clot in the mediastinum. The 
clot weighed 2128 Gm. The heart w'eighed 528 Gm., and the myocardium was pale 
and flabby. There were moderate atherosclerosis of the aorta and marked sclerosis 
of the coronary arteries. No occlusion of the coronary vessels was noted. 

There was a ragged opening in the aorta, 2.5 cm. in diameter, on the superior 
and lateral aspect, about 2 cm. distal to the left subclavian artery. A dissecting 
aneurysm involved the distal portion of the arch, all of the thoracic portion of the 
aorta, and the upper portion of the abdominal aorta as far as the superior mesenteric 
artery, down wliieh it extended a short distance. In the thoracic aorta the aneurysm 
measured 2 cm. in thickness and extended 3 cm. around the wall. The lumen was 
compressed by the aneurysm, which was filled with a fresh thrombus. Another par- 
tially healed dissecting aneurysm involved the lower abdominal aorta and the left 
common iliac artery. An opening 5 mm. in diameter, -with smooth edges, was found 
on the anterior wall of the aorta about 3 cm. proximal to the bifurcation. This 
opening led into the aneurysm, which extended upward from the opening about 5 
cm., and downward to the bifurcation and along the left common iliac artery. In 
the lower aorta the aneurysm was 2.5 cm. in diameter-, and the upper portion was 
occupied by an old, pale, firm, apparently organized thrombus. There was a third 
dissecting aneurysm in the left renal artery which partially occluded the lumen of 
the vessel. 

E. r., a white man, aged 54, a salesman, was admitted to the Lilly Clinic Sept. 8, 
1939, complaining of severe abdominal, interscapuiar, and preeordial pain of ten 
days’ duration. The patient had first noticed Headaches, nocturia, and vertigo five 
years before, at which time his blood pressure was 200/120. Two years later, roent- 
genologic examination revealed enlargement of the heart, with widening of the aortic 
arch and tortuosity of the descending aorta. The electrocardiogram was normal. 
The vertigo, nocturia, and headaches persisted, but no physical abnormalities were 
noted except the elevation in blood pressure. Symptomatic improvement occurred 
on thiocyanate therapy. Two months before admission lie had severe interscapuiar 
and abdominal pain which lasted one-half hour. A month later he had a severe 
stabbing pain in the right, anterior part of the chest. 

The present illness had begun suddenly while the patient was driving a ear. He 
Iiad a sharp pain between the scapulae, with abdominal cramps. When he tried to 
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stop the car lie could not move his feet and legs. He pulled himself out of the car 
because he wanted to urinate and defecate, but was unable to do either. After lying 
by the roadside for an hour he managed to drive to a physician’s office. The pain 
was temporarily relieved by one-half grain of morphine. 

Physical examination on admis.sion showed severe constriction and moderate 
sclerosis of the retinal arterioles. There was increased precordial activity, and a 
roughened, accentuated first sound was heard in the mitral area. The blood pressure 
was 244/144 in the left arm. Marked rigidity of the abdominal wall Avas present, 
and there was a Babinski reflex on both sides. The erythrocyte count Avas 3.8G mil- 
lion, and the leucocyte count gradually^ increased from 9,500 to 14,000. Tlie blood 
urea nitrogen Avas 29 mg. per cent, and the urea clearance Avas 53.S per cent of 
normal. The electrocardiogram shoAved left axis deviation. 



Moderate doses of morphine failed to le j / sj^ptom. In order 

fth day of his hospital stay, irritation of 

1 differentiate dissecting aneurysm of the aorta fio .p of the 

nknown origin, fluoroscopic examination was done. There aaus 
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completely encircled the aorta and extended do^vn^vard to ' 

diaphragm, i.e., to the point of rupture on the latenil aspect of the u‘.-.s( . i 
muscularis was friable and necrotic. The inthua wu? covered with many atheroma- 
tous plaques, and, at two points in the first part of the descending aorta, tliere were 
necrotic areas. In the center of one of thc.se there was a emnmnnieutimi between 
the lumen of the vessel and the aneurysmal sac. The dissection continued along tlo* 
arch of the aorta to within a few ecntimctcr.s of the nortic valve. The lietirt weighed 
4S0 grams; the hj-pertrophy was, for the most part, of the left ventriele. The 
coronary arteries were moderately selerosod. AVnother di.ssecting nneiiry.sin na.s found 
in the pancreatic arterj- at the point of its entrance into the gland. 

The important microscopic abnornialit)’ in the aorta w.as thiehenrng of the ad- 
ventitia with many fibrobla.sts. The adventitia had a loose, edernatmis apjiearanee, 
and contained numerous pol\-inorphomiclear leucocytes and lymjdiocytes. Tiie ma- 
jority of the vasa vasorum were fhroniboi-ed. Tlierc was a hirgii fhroriibii.s in the 
media, the inner portion of which .allowed murhed degeneration and necroAiis. 

mtscu.ssioK 

We tvisli to stress the poiiit.s in a typical ea.se of dis.scctiiifr aneurysm 
which we feci are important in making a diagnosis. 

If a patient is Iniown to have high blood pro.ssure i( is imjiorlant thtil 
frequent readings be recorded. It is a rule in this c.liniv. Ilml ihc ttr- 
terial pressure of eaeli patient mast be taken in each cxtre.miiy during 
the course of. bis pliy.sieal examination at llie time of admission. If 
there is any abnormality in the reading.s, they are repeated frctivumlly. 
Otherwise, measurcmcnl twice daily in the left arm is the rule. A per- 
sistently high blood prc.ssure with the .symptoms of coronarv oeelusion 
should cause one to question the latter diagno.sis. 

A continued, agonizing pain, radiating from the area of dissection 
oi he aorta, is the most ouLslanding .symptom. The examining pbvsioian 
may discredit the patient’s complaints because of the improbidiiliiv that 

“ ‘"-Mi- .'ii- 

■ ness. Pam, with temporary paraly.sis of the extremities is usuallv 
-Dsed by actual dtacctiou o£ the u,ai„ arte.y, ll„„mbo.,ia at v ! . 
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The lemperature may he subnormal if the patient is in shock, or mod- 
erately elevated There is usuaUy an increase in the leucocyte count. 
U1 tile one liimdred fifty-one cases reviewed, in forty-five there was a 
leiicocytosis of 9,500 to 34,000; in one hundred three no count was rj- 
corded; and, in three, the count was normal. The importance of the 
progressive anemia Avhich follows extensive bleeding- into the aortic wall 
has not previously been stressed. In one hundred thirty-one of the cases 
reviewed, no erythrocyte count was recorded; sixteen patients were 
known to have progressive anemia, and four had no anemia. 


Taking a roentgenogram of the chest is a routine procedure in most 
clinics. Certainly any patient Avitli hypertension should have a teleo- 
roentgenogram. If the cardiac, aortic, or mediastinal shadow is abnor- 
mal, subsequent roentgenograms ma}'- disclose progressive enlargement. 
Fluoroscopic examination is usually an aid in the diagnosis of an- 
eurysm. Thirty-one of the one hundred fifty-one patients had roent- 
genologic abnormalities suggestive of dissecting aortic aneurysm; one 
hundred fifteen had no roentgenologic examination; and only five had 
normal shadoivs. 

What the electrocardiogram will show depends upon the degree of 
myocardial damage, the site of the dissection, and the state of the coro- 
nary arteries. Since this condition occurs most frequently in hyper- 
tensive patients, left axis deviation is common. If there is much coro- 
nary sclerosis there may be changes in the T waves and the S-T seg- 
ment. Should the dissection involve the coronary ostia or the arteries 
themselves, there may be changes wdiich are typical of myocardial in- 
farction. The point is that there is no typical electrocardiographic pat- 
tern in this disease. 


SUMMARY 

In a series of two hundred eighty-three patients with hypertension, 
two developed dissecting aneurysm of the aorta. Although these two pa- 
tients had signs and symptoms of coronaiy thrombosis, this diagnosis 
wms ruled out by several significant features. In both cases the pam oc- 
curred first in the chest and then radiated to the shoulders, bade, ab- 
domen, or extremities. It was so agonizing that large doses of moiphine . 
failed to give relief. The blood pressure remained elevated, and, m the 
first case, it was not the same in the upper and lower extremities and was 
higher in the right leg than in the left. Mild fever, moderate leucocy- 
tosis, and anemia were present. Roentgenographie and fluoroscopic 
examination of the chest showed Avidening of the aorta and mediastinum. 
Post-mortem examination eonfii’ined the diagnosis of dissecting aiieuijsm 
of the aorta in both eases. 

We appreciate the assistance of Pr. Helen. L. Crawford, of the Depaitment 
Roentgenology. 
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L. M... LOSS or P— n to Air Cnr- 

lents. Proc. Soc. Expcr. Biol. & Iileil- i9- ->1, 1- 

Fxoosure of citratod or oxalatcd plasma lo an .air current i.s follov.-ed liy a rapid 

dinS oTin its protliromDin activity probably clue to rapid ovaporat.oi. and 
diminution n I s«t«r„tins tbc plasma rvitli expired air. restores 

,».«,« ..■>■«» t;;™'!;*. 

has no effect Changes in CO, content of the blood may explain the differs net in 
prothrombin activity of the blood entoring and leaving Ihe Imigs. ^ 

hvperventilation may be expected to produce significant linct.iat.ons in the pro- 
thrombin activity of the blood. 
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Wakim, K. G.: Effect of Stimulation of Autonomic Nerves on Intrnbcpatic Circu- 
lation of Blood in Intact Animal. Proc. Soc. Expcr. Biol. iV Med. -It): .'’.07, 30 {L’, 

The effect of stimulation of the si-mpatlictic and parasynip.atlictic ncrve.s of an- 
esthetized frogs and albino rats on the intrnlicpatio vessels ma? observed by trans- 
illumination of the intact liver. Stimulation of (he nerve plexuses in tlio porta 
hepatis and around the hepatic artery of frogs by ivcnk or strong Ictunizing cut- 
rent caused constriction of the active sinusoids, sonic of which conlnicled to dis- 
appearance. Constriction appeared rvitliin two seconds after the beginning of 
stimulation and lasted for four to five seconds after discontimmneo of stimulation. 
Immediately after pithing there was a marked reduction in the number of active 
sinusoids. This inactivity resulted in cither a constrictor effect, leading to vi-ry 
narrow sinusoids containing hardly' any corpuscles, or more commonly in stasis 
with the sinusoids packed full of eorpu.sclcs lying motionless in their lumimi. 
After about fifteen minutes circulation began to recover in tbc innetive lobules, 
but more inactive .sinusoids were seen than in an intact miostlietizcd frog. Stiinn- 
lation of the plexus of nerves in the porta bepatis and around the hepatic arferv 
in rats produced moderate blancliing and constriction of the sinusoids. Tliero was 
a latent period of about five seconds, and the .sinusoids resumed activity about ton 
seconds after cessation of the .stimulus. Arterial sinusoids were constricted more 
markedly than the venous ones. Arteriovenous aiiaslomosos constricted to disap- 
pearance. Stimulation of botli vagus nerves did not cau.so anv perceptible chan-'cs 
in the Circulation of the liver. ' 
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same manner. The reaction between pepsin and renin-activator is halted at pH 
6 5. The effect of pH on this reaction is quite different from the ’effect of pH on 
the formation of angiotonin from renin and renin-activator; angiotonin is fLmed 
abundantly at pH 6.5 to 7.0 but not at all at pH 2.0 to 4.0. ^ 

Williams. 


Huidobro, P., and Braun-Menendez, E.: The Secretion of Benin by the Intact 

Kidney. Am. J. Physiol. 137: 47, 1942. 

Profound lowering of the blood pressure by hemorrhage (4 per cent of body 
weight) or shock causes the liberation of renin by the intact kidney of normal 
anesthetized dogs. Benin can be detected in the systemic blood of these dogs. 
Benin could not be detected in the blood of nephrectomized dogs after hemorrhage 
or in normal dogs intoxicated with KCN or subjected to respiration of mixtures 
poor in oxygen. After short periods of 4 to 11 minutes of profound arterial hypo- 
tension renin could be detected in the sj^stemie blood of normal dogs. 

The inference is drawn that the kidney participates in the regulation of arterial 
blood pressure. When the blood pressure decreases the normal kidney secretes 
renin which through the formation of hj-pertensin tends to the restoration of 
normal blood pressure. Benin appears to be a substance which the body uses to 
maintain homeostasis. 

Authors. 


Gross, C. M.: The Physiology of the Embryonic Mammalian Heart Before Circu- 
lation. Am. J. Physiol. 137: 146, 1942. 

The following points concerning the fundamental or intrinsic powers of the 
myocardium have been made in the author’s observation of early embryonic hearts; 
First, the power of spontaneous rhythmic contraction is possessed by each of the 
chambers and they have their own intrinsic rates. Second, the contraction of the 
myocardium progresses by a wave from one end of the chamber to the other. 
Third, the atrioventricular interval which makes coordination of the w^hole heart 
possible appears along with atrial contraction itself. Fourth, the spontaneous 
rhythm of the ventricle is inhibited by the atrium. Fifth, mechanical work, pump- 
ing the blood, begins after the preparatory development outlined above. 

Author. 

Cope, O., Brenizer, A. G., Jr., and Polderman, H.: Capillary Permeability and the 

Adrenal Cortex Studies of Cervical Lymph in the Adrenalectomized dog. Am. 

J. Physiol. 137: 69, 1942. 

Ljonph was collected from the cervical trunk of normal and adrenalectomized 
dogs under local anesthesia. The protein content of the lymph of the noimal aiu 
mals averaged 2.8 grams/100 c.c., and of the adrenalectomized 4.3 grams, ihe 
increase above normal was as great in the dogs in moderate as in se^ ere 
ciency and was not merely an accompaniment of a moribund state. The in i g 
offers direct evidence of an increase in capillary permeability in one legion o 
the dog in adrenal insufficiency. 

The significance of this protein increase in lymph to the osmotic equilibrium 
between blood plasma and extracellular fluid is discussed. 

The flow of lymph was in general, but not consistently, reduced in insufficienc} . 
The extraceUular fluid volume, measured by means of thiocyanate, uas increase! 
as well as decreased. 


Authors. 
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Tone in tM HMlimn Mnsolos of tte Doe- Am. .1. 1 k.'. mi- 

The hindlimb muscles of anesthctizod nvvvi^ to t'"’ 

blood at constant pressure from a piimp-luuB ci ' blocked bv cooliii 

blood perfusion could be interrupted by periods of IhiiRor perfn.M n. ^ 

With the blood vessels uncoiistrlctod (nerve blocUec ) t ic ^ j 

pressure and the flow of blood or of llin<;er>s solution weie similar 
by BTuttaker and Winton (193:1) in the isolated hindbiiib. 

Durincr vasoconstriction the following chauRe.s occur in the ],resM,re-fl(nv mirye,^; 
a. The pressure at which the ])ressuie-flow curve of blood beenme.s- apiiro-vimatel. 
linear is increased. Below this pressure the slope diminishes and tlie curve ap- 
proaches the origin. The extrapolated intercept of the linear part of the curve 

increases with increasing vasoconstriction, b. The Itinger pre.'-.'<iire-l1ou <ur\i i.-- 

a straight line which intercepts the prc.ssnrc axis at or near the origin. Its slope 
is diminished by vasoconstriction but its intercept is unaflected. 

The apparent relative viscosity of the blood (ratio of Kinger flow to blood (low 
at constant pressure) is increased during vasoeonstriction. '1 he amount of in- 
crease r-aries in dilTorent muscles and in tlie .«ame muscles with the degree of 
vasoconstriction and with the pros.snrc. Kxireme values for blood of normal 
corpuscular concentration arc 2 to S. At normal pressures the change of apparent 
viscosity accounts for about (.(j of the total change of resistance to Mood flow 
caused b}’ vasoconstriction. 

For any constant degree of vasocon.striclion the ratio of the liinger flow.s at 
constant pressure in the unconstriclcd and in the constricted blood vessehs is 
appro-ximately equal to the ratio of the .slopes of the )iressure-flow curves of blood 
in the unconstricted and in the constricted vessels, both slopes being measured 
over the linear parts of tlicir cliaractcrislics. 

The evidence suggests that this ratio is independent of (he viscosity and is a 
measure of the change in the average dimensions of the blood vossids. In (he 
innervated preparation it is proposed as a measure of the vasomotor tone. Its 
value has varied from 1.0 (no vasomotor tone) to nbout Iteasons are given 
for supposing that flic measure is quantitatively eomparahle in the nniselcs of 
different experiments. 

.Virraous. 

Heilig, E.; The Pathological Heart Conditions in Hookworm Disease and Their 
Causes. Indian If. Gaz. 77; 257, 1942. 

Sixtj-fue cases of uncomplicated severe hookworm anemia were selected amoti" 
an unlimited material of ankylostomiasis, as it is found in Jfvsore, South Indiir 
charactenshc signs, which the heart presents in mitreated cases, are bibiter-il 
Natation mitral configui-atiou, a thumping first .sound and a sv.stol c m, rn in 

seen; epigastric pulsation is fieouenllv feb Ti.n 1 1 contour m regnlarly 

imn. Eg systolic and rarely mori than 50 rn 1 , ’ IbO-HO 

ways showed signs of a definite myocardial lesiim "such as"!""' 
voltage, depressed or downwards convex ST c ' ‘ low general 

in all the leads. In fifty-nine (90 per cent 1 AT" '‘""electric T 

signs elicited on percussion, auscultation flunro- pnfhological 
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formed In six cases, women all of them, the pathological heart condition de- 
teriorated in all aspects in spite of perfectly satisfactory blood response to equallv 
intensive antianemic treatment until the last hookworm was eliminated. Ten dars 
to three weeks after complete deworming the .same improvement of the heart con- 
dition was observed as it was seen in the other eases already before anthelmintlnc 
treatment was performed. These results point towards the existence of a hook- 
worm toxin; the myocardial damage which is caused by its action could be over- 
compensated by improvement of the red blood picture in the majority of hook- 
worm anemias, whereas a minority remained where its damaging influence con- 
tinued independently of the blood condition, as long as more than three to five 
hookworms escaped destruction. 

Author. 


Moia, B., Inchauspe, L. H., Olmedo, E. C., and Battle, F. F.; The Electrocardio- 
gram in Simultaneous Increase in Size of Both Ventricles, Eev. argent, de 

Cardiol. 9: 1, 1942. 

The effect on the electrocardiogram of simultaneous enlargement of both ven- 
tricles was studied in 96 jmung patients in which rheumatic aortic insufficiency 
coexisted with mitral stenosis. None of these patients received digitalis, nor had 
auricular fibrillation or signs of active carditis or pericarditis. The nonexistence 
of other factors, especially coronary^ disease, was tbns presupposed. 

From these 96 patients 20 were selected for this study because of the absence 
in their electrocardiograms of the characteristic alterations of aortic insufficiency 
or mitral stenosis. A case of arterial hi'pertension with pulmonary sclerosis vas 
added in which necropsy showed the absence of coronary alterations of the sten- 
otic type. 

The electrocardiograms of these patients, apart from the absence of axis devo- 
tion, showed in the standard leads and in precordial leads CF„ CF. and CP^ and 
in the sagittal derivations the following changes; 

QKS. — ^Eight axis deviation (E 3 > E.) with absence of S,; absence of definite 
axis deviation with S 3 ; triphasic complexes with positive initial deflection in L, 
or in L 3 and La, with sometimes very deep S 3 . 

ST segment. — Even in the absence of definite axis deviation the ST segment 
was depressed in only one (L,) in two (L. and L 3 ) or in the three standard leads; 
depressed in L, and elevated in Lj or elevated with a rectilinear stretch in L,. 

T wave. — High voltage in one or more leads and negative, disphasic or flat in 
Lj. The cases with alterations of the ST segment showed generally negativity or 
diphasism of T in L„ or diphasism in L, and La with' flat Tj or negativity in the 
three leads especially in Lj and with a conformation very similar to the so-called 
“coronary T wave.” 

Deep inspiration did not modify these patterns. Precordial leads did not show 
any definite alterations. In some cases the sagittal lead showed in L, a clo.ar left 
type, the concordant ST deviation changing into the opposite. 

The cause of these alterations and their diagnostic significance is discussed and 
attention is drawn to the fact that in many cases they are very similar to those 
alterations which appear in the electrocardiogram in cases of myocardial damage 
(ischemia, infectious diseases, etc.) and pericarditis. 

' ’ Authors. 


Goldburgh, H. L., Baer, S., and Lieber, M. M.; Acute Bacterial Endocarditis of 
the Tricuspid Valve. Am. J. M, Sc. 204: 31.9, 1912, 

In 26,007 necropsies there were 646 cases of acute baetenal endocarditis. 


incidence of 2.5 per cent. wi-e 

The mitral valve, singly, was most frequently involved 
by the aortic valve, singly (25.4 per cent), mitral and aortic (IS.i per 
tricuspid, singly (3.1 per cent). 
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tlie tricuspid valve is emphasized. AVTiioius. 


Genmnn, B, n»4 S. A.. Thn Incidence .1 

Endocarditis in Congenital Heart Disease, Am. -T. ^1. Sc. 204. .i-i, nn.. 


The protocols of four Boston hospitals were revieived to determine the inci- 
dence of acute and subacute bacterial endocarditis and endartenhs among con- 
genital cardiac defects. Special attention iv.as iniid to sex, age at time of death, 
type of cardiac defect and superimposed rheumatic infection. 

' In 34,023 autopsies, 453 (1.3 per cent) contained significant congenital cardiac 
defects, 181 of which (40 per cent of the 453) were in patients over the age of 


2 years. 

Evidence of bacterial endocarditis was present in C.5 per cent of the 453 cases 
and in 16.5 per cent of the 181 cases over 2 years of age. 

The distribution of males and fcnmles was in a proportion of 3 to 2 in both 
the total group with cardiac defects and in tliosc- who showed infectious endo- 
carditis. 

Sixty per cent of tlie patients died before the age of 2 years. For tlie rest, 
no predominance was shown in anj' one age group. The highest incidence of bac- 
terial endocarditis fell in the second and third decades. 


Twenty-five (14 per cent) of the 181 hearts with congenital defects were fur- 
ther complicated by rheumatic infection. Congenital bicuspid aortic valve and 
interauricular septal defects were the most frequent underlying cardiac anomalies, 
and subacute bacterial endocarditis was present in S of these 25 rlieumatic lienris. 

The incidence of bacterial cndocarditi.s in the most significant cardiac defects 
was as follows: interauricular septal defects, none; interventricular .sejitnl de- 
fects, 42 per cent of all and 57 per cent of the uncomplicated cases over 2 years 
of -age; patent ductus arteriosus, 28.6 per cent of all and 20 per cent of the uncom- 
plicated eases over 2 years of age; bicuspid valves, 17.4 per cent of all and 21 
per cent of those over 2 years of age; tetralogy of Fallot, 12.5 per cent of nil and 
9 per cent of those over 2 years of age; pulmonic stenosis, 19 per cent of all and 
29 per cent of those over 2 years of age. 

Autiiou-s. 


Stenosis of the Infundibulum. Arch. Int. :Med. 70; 


Dev, M., and Strauss, S,: 

1942. 

A case of infundibular stenosis without tran.sposition is pre.sentcd from ihr 
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out transposition, the absorption of tJ.P 7 , n stenosis is present with. 

its final incorporation into the right ventriele'L'^rharborSuUj? 
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Poster, D. B.: Association Between Convulsive Seizures 
Disease. Arch. Neurol. & Psycliiat. 47: 254, 1942. 


and Eheumatic Heart 


An attempt is made to determine whether rheumatic heart disease is of etio- 
logic significance in the production of convulsive seizures. The study is based 
on a review^ of 2,153 patients presenting both conditions. It is concluded that 
the rheumatic state is of etiologic significance in the production of certain con- 
vulsive disorders. This is based on the following facts. The incidence of seizures 
in rheumatic patients is higher than in the general population. Tlie age onset 
of seizures in patients with rheumatic heart disease is different from that of the 
general popula,tion. Acute rheumatic fever or Sj^denham’.s chorea preceded the 
onset of convulsive manifestations in 58.6 per cent of 29 patients; in 34.4 per cent 
the relation was doubtful, and in 6.8 per cent the convulsive seizures preceded 
the acute rheumatic infection. A familial incidence of convulsive seizures or 
migraine appears in the cases of rheumatic heart disease with seizures six times 
as frequently as in cases of rheumatic heart disease without seizures. 

Several mechanisms may be operative in the rheumatic state capable of pro- 
ducing seizures in predisposed patients: paroxysmal cardiac arrhythmia, cerebral 
passive congestion, delayed auriculoventricular conduction, with or without the 
superimposition of digitalis, cerebral infarction, and possibly others. 


Kershbauji. 


Hoffman, G. L., Jr., and Jeffers, W. A.: Rheumatic Heart Disease Complicating 

Pregnancy. A Study of 61 Fatalities. Am. J. M. Sc. 204: 157, 1942. 

Sixty-one maternal deaths due to rheumatic heart disease in Philadelphia dur- 
ing the past decade have been studied in reference to their preventability, man- 
ner of death and certain factors influencing the deaths. 

Analysis of the manner in which death occurred among the cases studied indi- 
cated that the fatalities due to this disease resulted principally from congestive 
heart failure following delivery at, or near term. 

Of the factors influencing death, the most important one amenable to control 
was the cardiac status of the patient at the time of delivery. Since this is almost 
solely dependent upon prenatal care, a significant decrease in the number of 
maternal deaths due to rheumatic heart disease can only be attained through an 
improvement in this care. 

Authors. 


Pearce, John Musser: Susceptibility of the Heart of the Babbit to Specific In- 
fection in Viral Diseases. Arch. Path. 34: 319, 1942. 

The intratesticular inoculation of vaccine, pseudorabies, inflammatory fibroma, 
strain A fibroma and myxoma viruses into rabbits which had been prepared hr 
a preceding intravenous injection of a solution of acacia was foflowed^ by the 
appearance of cardiac lesions in the majority of the animals. Cardiac lesions ci 
not occur or were of minor intensity in animals which had not had a preceding 
intravenous injection of the solution of acacia. In this respect the actioi 
these viruses in localizing in the heart is similar to that previously described lo 

virus HI. rtlnmi 

The lesions, regardless of the specific etiologic agent, were situated 

nantly in the myocardium, but the viruses wduch are more prone ° 
necrosis and exudation, i.e., vaccine virus and the viruses of ° ‘ 

inflammatory fibroma, occasionally produced inflammation of the aur 

lar valves. , , Thus 

The reaction in the heart was as a tale typical ot the agent S '■ 

in the acute enudative lesion of psendorabies the intr.nncloar .ncinsio. 
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ArTiii'!'-. 


Herbut. peter A., and Malsol. Albert L.: Secondary- Tamora of the Heart. .Nre„. 

Patli. 3i: nnS, .W2. 

Thirty-livo caaes of secondary cancer of ;;:,;^raJ^corri.;-'a''of 

diagnosed before doatli. Atn !!"!;, 


Bmger, M.i and Posenlrrantz, 
servations on Their Possible 


J. A.: Arteriosclerosis and nj'poth.vroldisni: Ob- 
Intcrrclationshlp. d. Clin, lindocrinol. 2: ITd. ll‘f-J. 


The possible Tclationsliip between urtorio.i^ckTosls and tin- nrliv.ty of «»c tig- 
roid gland was investigated in subjects aa years of age or older. The b.-.v., 
metabolic rate was correlated with the pre.^ence or absence of arteno-c etoMs 
according to clinical criteria. It was found that tlie incidence of ItypoinetaboliMn 
is greater for those exhibiting arteriosclerosis tban for those without atleno- 


sclerotic manifestations. 


Kr.imiinat.'M. 


Horn, Henry, Klemperer, Paul, and Steinberg, Morris F.: Vascular Phase of 
Chronic Diffuse Glomenilonephritls: A Cllnicopathologic Study. An-h. Int, 
Aled. 70; 260, 19-12. 


A series of 49 consecutive case.s of chronic dilTiiso gloineruloneplirilis w.-ic in- 
vestigated, with especial attention focused on the ehurncter of the nrlerinl 
changes in all viscera. An independent and thorough evaluation of the clinsctvl 
data in these same cases was also made. 

In accordance with the varied vascular pictures a division of the disease iiiio 
a slowly progressive and an accelerated phnse is proposed, 14 eases representing 
the former and 35 cases the latter. 

The histologic vascular lc.sions peculiar to ouch group of cases are described in 
detail. The intimal fibrosis, elastd'sis of arteries and arteriolar hyaHiiizaliim 
which were characteristic vascular alterations in the .“lowly ])rogre.«sive group 
were also observed in tlio other groups. A transitional grcmji, in addition, ex- 
hibited cellular proliferation, foam cells and edenm of the arterial intimn, Nvhile 
the advanced accelerated group revealed an even more conspicuous cellular intimal 
proliferation of the arterial tree and, in addition, distinct necrosis of the arlcrio- 


A correlation of the clinicopaUiologic features was then determined. In thi- 
majority of cases it was found that the intensity of the clinical pietiiro usimllv 
paralleled the anatomic vascular changes. 

Neuroretinitis, common in the transitional ami the advanced accelerated 

.b. r? "’‘""r™ - 

«u,e ebmenilonophiM, rspresmil the «,„toinic «.bv,k„lfort’r "!• 
which 1,„ been 4e,lgn,icil nalig„n,„ lijpcrtcneioi 'ki, L \ 
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In view of the constancy of severe liypertension in a miscellaneous group of 
diseases in which accelerated arterial changes are present, this factor is consid 
ered a potent etiologic force in their production. Whether hypertension is the 
basic determinant for the appearance of the vascular lesion or is itself inediate,] 
through the liberation of a toxic vasopressor substance is beyond the scope of 
this presentation. ‘ ^ 


The tempo of the clinical course in instances of chronic diffuse glomerulo- 
nephritis may be influenced not only by the exacerbation of the inflammatory 
process but by the height of the blood pressure. 

The occurrence of severe hypertension and neuroretinopathy in disease entities 
of varied pathogenetic background vitiates the belief that these criteria may be 
of differential diagnostic import. 

The vascular lesions once established contribute importantly to the advance- 
ment of the renal process and the intensification of the clinical picture. 


Authors. 


Shure, Norman M.: Pyelonephritis and Hypertension: A Study of Their Relation 
in 11,898 Necropsies. Arch. Int. Med. 70: 284, 1942, 

The incidence of hj'pertension in patients with pyelonephritis was studied 
from 11,898 autopsies performed in a ten-year period. In these the incidence was 
44.4 per cent as compared to 34.9 per cent in a control group selected at random. 
In an analysis, however, this greater incidence apparently occurred in patients 
with bilateral pyelonephritis, especially in the male sex, and was most marked in 
men over 40. The relative absence of high blood pressure in patients with uni- 
lateral pyelonephritis was striking. The incidence of hypertension increased with 
the age of the patient and was parallel to the incidence of marked renal vascular 
damage. In small groups of patients with polycystic kidney, horseshoe kidney 
and uncomplicated nephrolithiasis the incidence of hypertension was 46.15, 64./ 
and 53.25 per cent respectively. 

Author. 


Beilis, C, J.: The Portal Venous Pressure in Man. Proc. Soc. Exper. Biol. & 
Med. 50: 258, 1942. 

The portal venous pressure was determined at laparotomy by inserting a needle, 
which was attached to a manometer filled with saline, into an omental vein; at 
the same time, with a similar apparatus, the ankle venous pressure was deter- 
mined. In sixteen cases the average normal portal pressure was 10 cm. saline 
higher than the average normal ankle venous pressure. Normal portal pressures 
ranged bet-ween 14 and 22 cm. saline and normal ankle pressures ranged between 
5 and 12 cm. saline. In a case of advanced portal cirrhosis with ascites, tlie 
portal venous pressure was 40 cm. saline, the ankle venous pressure 8 cm. saline, 
a difference of 32 cm. saline. 

WlUWAMS. 


Bean, W.: A Note on the Development of Cutaneous Arterial "Spiders” an 
Palmar Erythema in Persons With Liver Disease and Their Development Po - 
lowing the Administration of Estrogens, Am. J. M. Sc. 204: 251, 194-. 


The deTolopment of eutaneoos arterial '■ spites” ia 2 
aaaiets a»a palmar erythema ia 1, follorving therapy rnlh P» may 

gests that these stigmata of liver disease, pregnancy and deficiency 
result from abnormal metabolism of the 17 -ketosteroid hormones, j^u^HOR. 
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Fibrinoid Necrosis in Arteriosclerosis. 


Arcli. 


Scblossmann, Natbaniel Charles; 

Path. 34: 365, 1942. _ i 4 1 


tryptic digestion. 

Evidence is submitted to establish 
vessels as partially necrotic collagen. 


the fibrinoid snb.stance in arteriosclerotic 

ACTiion. 


Mendlomts, M.; The Digital Blood Blow. Arterial 

sistance in Arterial Hypertension and in Coronary Thrombosis. .T. Clin. 


vestigation 21: 539, 1942. 

^Methods for calculating the digital blood flow from calorimetric observations 
have been modified and . a method developed for calculating digital vascular 

TGSlSttlTlCG* 

After vasodilatation produced by warming the body, normal digital blood pres- 
sure, blood flow, and vascular resistance were found in patients with neurogenic 
elevations of blood pressure. A consistent increase in digital vascular resistance 
and a normal digital blood floa* were demonstrated in established e.s.senfinl or 
renal hypertension. In acute and in malignant hypertension, llic digital blood 
flow may be decreased, and the vascular resistance increased out of proportion 
to the elevation in blood pressure. 

Decrease in digital blood flow and blood prcs.surc, and unchanged vascular 
resistance were demonstrated in cases of acute coronar}' occlusion, whether the 
antecedent blood pressure was normal or elevated. 


Aunion. 


Mendlowitz, M.; The Digital Circulation in Peripheral Vascular Diseases. J. 

Clin. Investigation 21: 547, 1942. 

The digital circulation was studied in Paynaud’s syndrome, scleroderma, and 
thromboangiitis obliterans. 

In Raynaud’s disease and in scleroderma, the digital blood flow is usually de- 
creased and the digital vascular xesist.ance increased. In thromboangiitis obliter- 
ans, the digital blood flow is decreased because of a decrease in digital arterial 
blood pressure, the digital vascular resistance remaining comparatively unchanged. 

Study of the digital circulation may be useful as an aid in diagnosis and prog- 
nosis, and as an index of the effect of tberapy in peripheral vascular diseases 
involving the upper extremities. 

AuTirorw. 


Aneurysm of the Coronary Artery. 


Chipps, H. D. 



A case of mycotic embolic aneurysm of the anterior descending branch of t 

coronary lumen caused not only the d^lbVmLfof ‘ 

occlusion with infarction of the myocardium 

mycotic embolic aneurysms of the coronary arteries!:: brierdi« 


Authok. 
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^ H.: Intramusclar p„a 

sure. m. The Action of Various Drugs on Patients With Honnal lutta 
muscular and Venous Pressure. Am. J. M. Sc. 204: 387, 1942. 


Observations on the action of various drugs on intramuscular and venous nres 
sures are shown in normal individuals. The- drugs which are mainly pressor in 
action do not alter intramuscular pressure, whereas inhalations of CO. the tetanic 
state, and particularly the administration of coramine intravenously definitelv 
raise the level of intramuscular pressure. An increase in intramuscular pressure 
IS accompanied by an increase in venous pressure, whereas the reverse was not 
observed. 


Authors. 


Gunther, L., Henstell, H. H., Strauss, L., and Engelberg, H. : Intramuscular Pres- 
sure. IV. The Venopressor Mechanism During the Course of Surgical Pro- 
cedures. Am. J. M. Sc. 204: 394, 1942. 

After 50 minutes of continuous surgery a drop in intramuscular pressure raay 
precede the fall in venous pressure. In half the instances the low level of venous 
pressure coincided with the initial drop in intramuscular pressure. 

When the intramuscular pressure falls and remains low for 50 minutes or 
longer, a further decrease in venous pressure occurs which reaches its maximum 
low point concomitantly with the maximum drop in intramuscular pressure. 

Intramuscular pressure fell 5 minutes before the shockUke state began and the 
venous pressure with its full appearance 20 minutes later during a pericardial 
thoracentesis. 

Further evidence is presented which supports Henderson's postulate in that: 
(a) intramuscular pressure first fails in shocklike states, and (b) with the failure 
of intramuscular pressure appears a failure in the maintenance of venous pressure 
and flow. 

Author.?. 


Lands, A. M., and Johnson, W.: Distribution of Body Water Following Hemor. 

rhage. Proc. Soc. Exper. Biol. & Med. 49; 123, 1942. 

The source of the water which dilutes circulating blood following hemorrhage 
was investigated bj^ determining changes in the volume of cellular and extra- 
cellular water by comparing the volume of sulfocyanide available water both of 
the whole animal and of some of its organs after hemorrhage with the values 
obtained from normal animals. Thirty to sixty minutes after injecting sodium 
sulfocyanide in anesthetized cats a sample of blood was removed for analyses. 
Fifteen to 26 ml. of blood per kg. of body weight were then removed. Sixty to 
120 minutes later another sample of blood was removed for analyses, the animal 
sacrificed by asphyxia and the tissues of various organs analyzed for sulfocyanide. 
The experimental findings were inconsistent with the concept which attributes 
blood dilution to the movement of a lymph-like fluid from interstitial spaces into 
the blood stream. The volume of sulfocyanide available water increased after 
hemorrhage. The chloride concentration of serum water decreased in all experiments 
save one. The total water and sulfocyanide available water content of cardiac 
muscle, pancreas, pylorus, duodenum, colon, skin and liver increased after hemor- 
rhage. No significant differences were found in the gastrocnemius muscle an 
diaphragm. Wim-iams. 


Hubbard, J. P., Preston, W. N., and Ross, B. A.: The 

Infants and Young Children, Determined by Radioactive Sodium. J. oun. 

vestigation 21: 613, 1942. 

The velocity of the blood flow in young infants and children has 
by determining the time elapsed between the injection of radioactive 
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12 seconds. Ain'iioiu*^. 


Lascano, E. F.: The Normal Irrigation (Blood Supply) of the Kcith-Plack Node. 

Eev. argent, de cardio. 9: 17, 1942. 

By means of infections of colored gelatin it has hocn found that the node of 
Keith and Flack i.s aln-ays irrigated hy a .ingle aur.cular artery wh.el, max h. 
the anterior, lateral or posterior aiiricnlnr, ii.>-ccndant hranches of the rig i or 
circumHex artery. The artery xvhiel. irrigates the .«inn. node is proinineut hetxvee . 
the auricular arteries and send.s to the superior vena eava a large eollateral nhu 
divides into two branche.s: an anterior or preeava and ft posterior brnneh or 
retrocava which form— depending on the establishment or not of auastomo.sis- 
a ring or lialf ring around tlie loxver part of the superior vena eiivn. 

If the artery of the node is the right anterior iiiirictihir, or llie right lateral 
running anteriorly or the left anterior, lateral or posterior, tlie eollateral which 
will form the ring of half ring around the superior vena eava will reiu'h the vein 
by its left lateral border (ring of left origin). If, on the other .side, the eollateral 
comes from the right lateral auricular artery ninning posteriorly or from the 
light posterior uurieiilai' tirtcry, it will reach the vein hy its right lateral border 
(ring of right origin). From this ring of hnif ring nn arteriole springs which 
runs by the sulcus terniiniili.s, jiud wliich njipear.. to bo the retil noiiri.sbing artery 
of the sinus block. 

Constant interauricular eonimunications have been found of a diameter of 
about 50 microns. Those are specially fi-equonf around the .superior vena eava, in 
the anterior aspect of hotii auricles and in (he po.sterior a.spoct of the left fuiriele. 
They connect both auricular firterics, right and left and sonietime.s they estnbli.sh 
communications between brandies of one of (he e.oronnry arteries or even of one 
of the auricular arteries. 

In a fexv cases a strong ring is foniied around the eava by tlie free anastomosis 
of the txvo pre and retro cava liruucUcs; but smaller pericaval rings formed bv 
anastomosis of finer collaterals of those branches is a. constant finding. 

.Vv'nioii. 

Williamson, J.: Transfusion of Bovine Scnim 

Alhumm Into Human Beings. Proc. Soe. E.vper. Biol. * died. -19: 9G, 19.(2. 

The effect of transfusion of bovine .scrum albumin into Imman beings was deter- 
to -nn ■’"f ' I'.v vrin in nnoiinl, 

-t L mI; t “ n , ■’ “■ rroli»i„a,v .™,„n,tol,i,to. wnn 

in human beingf n-rs^’Seuied!*''' •‘••"’'sfilute 

Kr.a.siiiavu.xt. 

Soc. Exper. Boil. & lied. SO: 288, 1942. ‘ ^ Preparations. Proe. 

produce significant lowering of blood pres;ure -^1 
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of arterial hj-pcrtension in man. The results were as markea as tliose reported 
by others using active tyrosinase preparations, whidi shows that the effect is aot 
related to the enzjnnc content of the preparation. 

Wippuns. 

Sapirsteiu, L. A., Southard, F. D., Jr., and Ogden, E.: Restoration of Blood Pres- 
sure hy Renin Activator After Hemorrhage. Proc. Soe. Exper. Biol. & kied 
50: 320, 1942. 

Injection of a renin-activator preparation of ox-plasma in dogs, following 
hemorrhage, produced a very marked rise in blood pressure, which persisted for 
20 to 120 minutes. Further injection of the activator preparation during the 
period of restored blood pressure produced no pressor effect, but after the pres- 
sure had fallen to lower levels, whether spontaneously or after further bleeding, 
renewed injection again produced an increase in blood pre.ssure. The injected 
renin-activator preparation contained only one-tenth or less of the total plasma 
protein removed. Corresponding quantities of 10 per cent gelatin or of control 
plasma concentrations failed to restore the blood pressure. It is concluded that 
the secretion of renin in severe hemorrhage is snfScient to produce exhaustion of 
renin activator. The resulting failure of the reno-pressor system is followed by 
a fatal collapse of blood pressure which may be staved off and the blood pressure 
restored by replacing the exhausted activator. The possibility of improNlng 
transfusion therapy of hemorrhage and shock by fortifying the plasma with prepa- 
rations of renin-activator, or of substituting small quantities of activator prepa- 
rations for plasma in emergency treatment, is suggested. 

WlLLtASIS. 

Venneulen, C., Dragstedt, L. R., Clark, D. E., Julian, 0. C., and Allen, J. 0.: 

Effect of the Administration of Iiipocaic and Cholesterol in Eahhits. Areli. 

Surg. 44: 260, 1942. 

Experiments were undertaken in rabbits to test the possibility that a deheiener 
in lipocaic production plays a role in the development of vascular disease. The 
administration of cholesterol orally produced a sustained, hyperlipemia, hyper- 
cholesteremia, arteriosclerosis of the aorta and accumulation of cholesterol and 
fat in excessive amounts in the liver and adrenal glands. The simultaneous oral 
administration of lipocaic in amounts up to half of the daily requirement of a 
dog prevents a rise in the noncholesterol fraction of the blood lipids and also the 
deposition of fat and cholesterol in the liver but has no effect on hypercholester- 
emia and arteriosclerosis caused by the oral administration of cholesterol. 

Kebshbaom. 


Pettus, W. W., Geiger, A. J., and Grzebien, S. T.: Effects of Morphine on the 

Electrocardoigram of Man, Yale J. Biol, & Med. 14: 493, 1942. 

The authors studied the effects of morphine on the electrocardiogram m 10 
normal subjects and 10 patients with coronary artery disease. Poses up to % 
grain were used hypodermically, and both limb and chest leads were ta *en, 
striking bradycardia was generally observed, as is frequently seen in am 
experiments. Shift of the pacemaker and premature beats each ocrarred on 
these experiments. The drug did not significantly alter either ™ J . , 
portion of the ventricular complex. It is concluded that the 
drug would probably not cause confusion in the electrocardiograp i g 

of acute myocardial injury in man. Kebshbaum. 
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^ T Tjjfvo M.: The Prolonged Effect of 

Myerson, A., Binkel, M., loman, . Af 'sc 204’ 254 1242. 

Amphetamine Sulphate in Gelatin. Am. .T. ^i. Sc. 204. .oi, 

Th. .-p..ativo offod. .£ 

.».i ,i.p 

aeeren.. in iml.l t»te proamoa by nmpliMamino not adnydl or prolonj... 

when the driiff was dissolved in gelatin. . 

Gastrointestinal System: There was a definite pTolougation of the clmraefen.- 
tic effects of amphetamine sulphate (decrease in tone awl penstnl.^i.s) nhen f 
drug was mixed with gelatin. This action was olwrvcd in man following roent- 
gen ray studies, and in animals hy direct observation of the gastrointestinal Inict. 

The delay in absorption of alcohol which follows the administration of amphet- 
amine sulphate is definitely more marked when the drug is mixed with gelatin. 


A iiTiintiQ. 


Darrow, D. C., and MiUer, H. C.: The Production of Cardiac Lesions hy Ec- 

peated Injections of Desoxycorticostcrono Acetate. .1. Clin. Investigation 21; 

601, 1942. 

Necrosis of the mi'ocardi.al fibers and replacement by fibrobla.sts is produced 
by repeated injections of desoxycorfico.st crone acetate in rats. Tiie lesions are 
neither aggravated by absence of pyridoxin nor jirevontcd l»y liberal additions 
of pyridoxin to the diets. Low intake of thiamin docs not aggravate the le.sioti. 
The lesions, cannot bo distinguished from those produced hy diets low in pola.®- 
slum. The livers decrease in sice after injections of ilcsoxvcorlicosterone ncetate 
for 10 days, but are normal in sice after -1 weeks of injections. 

The injection of desoxj'cortieostcronc acetate lowers muscle potassium and 
raises muscle sodium. Analogous changes are not found in the liver. Low cnrdinc 
potassium was found in the heart in 2 of 4 dog.s fed a diet low in potnssiimi. 
Injection of desoxycorticostcrone produced only suggestive lowering of cnrdinc 
potassium in a group of rats, no certain change in any of 4 enl.s, and no change 
in 1 dog. Although the heart may lo.se potassium under conditions leading to loss 
from skeletal muscle, diminution of cardiac potassium is' not a r(?gular occurrence. 

The cardiac lesions produced by in.jcctions of desoxycorlicosterone acetate nr 
diets low in potassium can be prevented by addition of potassium chloride to the 

rmkmg water. Deficit of body potassium is apparently c.ssential for the produc- 
tion of tnesG lesions. * 

Cortical e.xtract produced analogous changes in the muscle of the one rat. 
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estimations were made. While in this anoxic state, contractions during 
ischemia were made in the usual naanner. There was absolutely no 
change in the amount of work that could he done under these extreme 
conditions. As a matter of fact, the strongest evidence that anoxia was 
not a factor was the prompt disappearance of pain when the circulation 
was restored, while the subject was still anoxemic and dyspneic. 

Yll. Remote and Reflex Secondary Effects of Ischemic Work. One 
of our earlier observations on exercise during ischemia was that, with 
occlusive pressures of 140 to 180 mm. Hg, oscillations of low amplitude 
could be seen in the mercury column before any signs of pain had ap- 
peared. These oscillations meant that there was some flow of blood 
under the constricting cuff. Normallj'^, the systolic pressures of these 
subjects ranged from 110 to 130 mm. Hg. After several trials had 
shoivn that no oscillations occurred at 200 mm. Hg, this level was chosen 
as the occluding pressure. These observations led us to study the blood 
pressure before and after work during ischemia, and striking and inter- 
esting changes were found. The following case illustrates this point: 


(24C) Normal B.P. 

120/86 

After work during ischemia.* 

170/110 

(40 contractions) 


On release of occlusion 

130/90 

IV 2 minutes after release 

120/90 

2 minutes after release 

120/86 

Even exercise of one finger dui’ing ischemia, 
finger, caused an appreciable rise in pressure : 

in this case the 

(25D) Normal B.P. 

118/80 

After work during ischemia 
(90 contractions) 

136/90 


Both the systolic and diastolic pressures are affected. In contrast, 
simple ischemia results only in a minimal systolic rise (4 to 6 mm. Hg) . 
Eestoration of the circulation causes not only prompt disappearance of 
muscle pain and ache, but also return of the blood pressure to its resting 
level. Both changes take place with the appearance of reactive hypere- 
mia. 

The pulse rate, even when work was done during ischemia, tended to 
remain unchanged. However, after restoration of the circulation, there 
was a fall of 5 to 10 beats in some instances. Variations in the size of 
the pupils were too small to allow us to ascertain whether adrenalin 
was released by reflex stimulation of the adrenal glands. 

7777. Pain Originating in Nonmnscular Tiss%ies.—ln the following 
group of experiments we attempted to study pain from nonmnscular 
tissues, and the factors affecting its production. The procedure was the 
same as that outlined under “Method of Study,” except that the finger, 
rather than the entire limb, was used for testing; the finger was taken 
to represent a nonmnscular organ. 


♦Taken on nonoccluded side, of course. 
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RESUI/fS 

/. Influence of Muscular Exercise Trior to Ciradaionj ArresL- 
1. Local exercise has a profound influence upon the ability to carry oiil 
work during ischemia. Forty vigorous flexion and extension movements 
of the fingers ^Yere made, followed by eirculatoiy arrest and then work 
in the usual manner. The re.sult w'as' clear cut and conclusive : perhaj^s 
Vi lo V 2 of Ike usual number of contractions could be made, i.e., only 
16 contractions were possible for a person wflio had been consistently 
capable of making 40 such motions. This confirms the results originally 
obtained by Le'wis, et al.’^ 

2. Exercise of the whole body also tends to diminish the amount of 
work that can be carried out subsequently by an ischemic limb. After 
stationary running movements at a good rate for 5 minutes, fewer 
contractions wmre possible (34 for a person who usually made 40 con- 
ti’actions). Because the total amount of work done in running is un- 
que.stionably moz’e tlian that done by an am alone, some explanation 
for the quantitative differeiree between local and general exercise must 
be made. 

ll. Nontransferabilitif of Pain From Lower to Upper Extremities . — 
Guffs were applied to both legs above the Imee. The subject performed 
w'ork during ischemia by flexing and extending both feet. Sixty con- 
tractions were made before pain caused a halt. Both cuffs were tlien 
deflated to pemit free blood flow for 40 seconds, during which time 
the blood from the exercised regions entered the general circulation. 
Thus blood from the legs eventually reached the upper extremities in 
le.ss than two complete circuits around the body. A cuff was then ap- 
plied to one of the arms, and work was done in the usual manner. The 
number of contractions was identical with tlie nonnal number, indicat- 
ing clearly the lack of influence of the preceding exercise. 

in. Phase of Recovery. — Kestoi’ation of the circulation invariably 
results in almost instantaneous and complete disappearance of pain.* 
At the same time, the bright pink flush of reactive hyperemia and a 
feeling of warmth distal to the point of occlusion appear. Paresthesias, 
such as tingling and “pins and needles” .sensation, become quite prom- 
inent in the fingers; they persist for a variable period of minutes. 

The relationship of the phase of recovery to the amount of work 
that is possible during ischemia is be.st illustrated by an experiment of 
this nature; An ischemic limb, whicli was capable of performing 40 
contractions, had its circulation restored for 15 seconds, followed In 
z-earrest and exercise. Only 11 contractions were possible before the 
appeaz’azzce of disabling pain. With I'estoration of the cii dilation 01 ^ 
one minute, 17 contractions could be made; for two minutes, 22, 01 
three minutes, 34; and, for 5 minutes, 44, which zvas the raaximuzn 
number Inasmuch as the same results occurred regularly m diftez-cn 
subjects, we became convinced that, with a minimum of three 
and certainly of five minutes, the working muscles h 

to be able to do the ba-sie amount of work duz'ing ischemia. Tins mt 
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was therefore talceii in subsotiucnl experiments as tlu>, time needed for 
reversal of the fatigue and pain process. 

Incomplete re.stora1ion of the circulation has a rather curious eflcet. 
The pressure in the cuff is reduced by stages of 30 mm. llg. Almost 
complete relief of pain is obtained at IfiO mm. Hg (it will later be 
shown that the systemic pressure is elevated by activity during ischemia; 
in this case, blood inflow occurs at 350 mm. llg). Within a lew .seconds, 
however, the pain reappears in full force and is, liy contrast, even more 
painful and vise-like than before. If the pressure is dropped further, 
relief is again experienced, only to have the jiaiii return once more. 
At 120 to 130 mm. Hg, only a feeling of hcavine.ss and fatigue exists. 
At this ])oint the skin is lividly hypcremic. The pain disappcai-s com- 
pletely at 80 mm., which is the diastolic level. 

IV. Influence of Temperature on the hchemie Limh . — If the ischemic 
extremity is heated by immei-sion in a water batli at a temperature of 
115° P., a feeling of fatigue, disinelination to move the pari,, and, 
finally, eramplike pain in tlie wri.si and mnscles of the forearm dcvelojn 
The pain in the wrist is especially severe, and oeeasionally the arm has 
to be udthdrawn, so intense does it l)ccome. Tlieso sensations begin 
shortly after exposure to heat- and are intense in from live to thirteen 
minutes; the time variations arc dependent, in onr estimation, on the 
insulation of tlic limh, i.c., a thick arm, with mnch .suheut ancons fat, 
requires more time for heat to penetrate to the musculature thau a 
thinner extremity. In all probability this is the rca.son why ])ain is 
felt so intensely in a su])ci'fieial region like the wrist. Removing Dio 
arm from the bath decreases the intensity of the jmin but doc.s not. 
relieve it completely; this is possible only wiDi restoration of the circu- 
lation. The pain in the muscles is similar to that caused by work during 
ischemia, but is not as severe nor does it reach its peak as raj^idly. 
These sensations are in marked contva.st. to Avhat ha]i])en.s uIDi simiile 
arrest of the eircnlation. 

Subjecting the aim to a lowered temperature by immersion in water 
at 60° F. caused no pain or paresthesias even after fifteen minutes of 
exposure. The only noticeable effects were a feeling of fatigue in the 
flexor muscles of tlie forearm and the rather marked cadaveric lividity 
of the skin. 

If the ischemic arm is heated at 110° P. until stiffnc.ss and aching 
occur in the muscles of tlie forearm, and, at this point, it i.s called upon 
to work as in previous experiments, fewer contractions are possible be- 
fore intolerable pain is reached. In one instance (KH) only 31 con- 
tractions could be made; in another (IDS), only 32. Bach of these 
subjects was capable of making 38 to 42 contractions durino- ischemia 
without heating. The reverse holds true wiDi cooling; Die number of 
contractions that are possible before reaching the end point is definitely 
gi’eater; in other words, the pain process is retarded 

K l,^uenc, of possibility o,„t „ai„ 

might be causeti by e.scessiyc strcteliing of the arterioles anti finer sub. 
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divisions Of the arterial tree as a result of the vasodilatation Avhich 
regularly accompanies circulatory arrest in a Imih has been suggested/ 
In order to avoid the effects of changing the temperature, which is the 
nsual method of producing active hi-peremia, we employed reactive 
hyperemia (Grant and Pickering) and reflex lu-peremia (Landis and 
Gibbons). Neither of these methods, in contrast to heating direetlv 
increases tissue metabolism. 


To produce reactive h^-peremia, in an arm in which the circulation 
bad been occluded for 10 minutes, the circulation was restored, and, as 
the hjTJeremia reached its maximum (in from a few to twenty seconds), 
the circulation was rearrested and work begun. Repeated observations 
showed that the capacity for work remained unchanged; 38 to 40 con- 
tractions could still be made when vasodilatation was present. 

To bruig about reflex bA'peremia, both legs were immersed in a water 
bath at 110° F. while the circulation in one arm was arrested. Within 
20 minutes there was a rise in the temperatui'e of the forefinger on the 
nonoeeluded side from 75° F. to 95.5° F, Inasmuch as such a tempera- 
ture rise is the maximum, vasodilatation in the extremities should have 


been complete. Yet there was no pain in the occluded limb, and the 
number of muscle contractions during ischemia was 37, which was 
nearly normal for this sub.ieet. The length of the period of occlusion-- 
twenty minutes — may well have produced a slight diminution of the 
exercise tolerance. 


VI. Influence of Oxygen . — Whether diminution of the oxj'gen supply 
to the working tissues is the cause of ischemic pain has been the subject 
of much controversy. Lewis, et al.,^ showed that simple circulatoiy 
arrest for fifteen to twenty minutes w'ould produce anoxemia without 
any painful sensation, and that, if Avork Avas attempted at this time, 
there was no reduction in the number of contractions, in spite of the 


marked oxygen lack. They Avent even fmther to substantiate this state- 
ment by shoAving that, if work duiing ischemia Avas halted short of the 
point at which intolerable pain Avas reached, the circulation could be 
kept occluded for many more minutes without the development of pain. 
Obviously, the muscle exercise must have made rtemendous inroads on 
the amoAUit of oxygen available, as did also the folloAving period, dining 
which arrest was maintained without work. Yet there A\'as no pain. 


Other workers, notably, Kissin,’ feel that oxygen lack is the mam cause 
of ischemic pain, Kissin showed that, in a group of normal persons, 
muscle exercise in a reduced oxygen atmosphere without arrest of the 
circulation hastened the deA'elopment of pain. To clear up this prob- 
lem, the authors conducted the folloAAing experiments on each other. 

A mi-xtiu-e of 10 per cent oxygen and 90 per cent nitrogen was e 
into the breathin- bag of a Gwathmey ane.sthesia machme. Ihe ^ 
Avas breathed and rebreathed fium this closed system by 
spiratorv movements: within two to four minutes the subjects be 
eLemeiy cyanotic and dyapneic. The final value or “ 

mixtnre must have been exceedingly lotv, although no quant.tatne 
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Immersing- it into water at a temperature of 115° F. resulted within 
one Mte in a stinging and stabbing tj-pe of pain which increased 
rapidly so that, in another thirty to sbcty seconds, the sensation became 
very unpleasant. Some relief was brought about by removins: it from 
the bath. Ke-immersing the finger at this time eairsed the pain to appear 
even more quickly. 

Cooling the ischemic finger in ice water did not result in any painful 
sensation. 

In these respects, the fingers respond like the muscles of the fore- 
arm, except for the nature of the pain and the rapidity of its onset. 

A finger treated by histamine or mecholyl iontophoresis becomes 
h^-peremic. This finger responds in the nsual way to heating and 
cooling when the arm is made ischemic, that is, pain appears in 1% to 
2 minutes in the one instance, and not in the other. If the finger is 
ti'eated with adi-enalin by the same method of ion transfer, it hecome.s 
blanched because the superficial vessels are constricted. IVhen heat is 
now applied, almost immediately there is severe, stabbing pain which 
necessitates immediate removal of the finger. Even Avith the circulation 
nonnal, the adi’enalm-treated finger, when immersed in hot water, 
becomes exeeedingh' painful, although not quite as much so as if cir- 
eulatoiu' aiT&st ivere present. The I’eaetion occiu’s only if the finger 
is exposed to heating; otheiwise, there is no pain in the blanched finger. 

These facts make it clear that the pain of ischemia is not limited to 
muscular tissue; it may also arise from the ischemic skin (and probably 
to some extent from subcutaneous tissue). The pain which originates 
in ischemic skin difiei’s from that arising in the muscle. TTliether this 
difference can be attributed to the ty-pe of seiisoiy end organ concerned., 
and whether the cause of the pain is the same in both instances arc 
questions wbieb cannot be answered Arith any degree of ceifainty at 
this time. 

DLSCUSSIOX 


A most plausible explanation of ischemic pain has been advanced by 
LeAvis, et al.^ It la.vs emphasis on the muscular aetiA'ity by Avhich the 
metabolites responsible for the pain are elaborated, and on the circula- 
tory stasis which creates the physical condition that pennits these metab- 
olites to accumulate in the cells and tissue intenspaces, Avhere they may 
reach a concentration sufficient to irritate or stimulate the sensory end 
organs- This substance or group of substances has been designated iy 
Lewis as the pain factor, or P factor. Although it has not been isolated 
or even identified, clinical ohseiwations by others, as veil as ourselves, 
lend support, to the possibility that it exi.sts. Jluseular activity during 
ischemia, when Aiewed in this light, means an increase of the 1^ factor 
to the level of pain production. 3Iention has been made of the efiee o 
muscular work prior to circulatory aiTest. Local exercise 
extremitv) greatly curtails the amount of Avork that is " 

ischemia- ueneral exercise shortens it to a lesser extent. Supcificmu. , 
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lliesc fads seem ineoiisistcnl because the total amount of wovk done 
duviuo- vi-ovous exorcise is iniquestionably iireatc- than durin- .'xere.se 
of tlic am alone. Tl>e difference is readily exidamed. V lador ts 
produeed in each ea.se, but, after local work, even with Iln« eireulation 
normal, .some must, still be I'ctaiued in tlie li.ssiies of llie arm. ^^ ltll 
subsequent contractions dnrine: iscbemia the tlns'sbold level is tlieretore 
reached sooner, i.e.. with fewer contractions. After viyoro\;s body ex<'r- 
cise. however, before blood from (he exorcised res^ions iHsiches the mus- 
cles of the forearm, the P factor eoutaiuod in the ai-m has been dissi- 
pated or destroyed to such an extent that it can be of minor importance 
only. i.e.. produce a diminution of only G to S contractions. It is the 
concentration of P factor at the place of activity which determim's the 
onset and intensity of pain, not the P factor produced at sm\ic more re- 
mote area. This also exidains the nontrauslVrability of ])ain from tiic 
lower to the upper cxtremitic.s. 

The influence of temperature chaufics on the ischemic, limb has 
been presented. Ordinarily, in such an extremity there would be no 
pain even after twenty to fliirfy minutes of eireidatory arrest. Hut 
hoatint:: increases the metabolic aetivitios of the tissues, !uqnneuts the 
production of metabolites, and causes pain to a))i)ear. This may be 
increased by concomitant mnseular exercise, so that the eomhinalion of 
both tyi)cs of activity allows- fewer contractions durinii ischemia, .lust 
the reverse is true when the limb is cooled, i.e., tbere is a retardation of 
the pain ])rocess. The similarity belwcMi the iiain produced by exercise' 
and that produced by hcalintr the forearm has already been di.seus.sed. 
They appear to differ only in the vapidity of onset and in inle))sily. 
This has been a.seril)cd to the total increa.se in tissue metabolism, which 
is much fa.stcr witii mnseular exorci.se. Mnvironniental ehanm'S may 
therefore influence the rate of ])rodv\clion of the P substance, and. \in- 
dor the proper ischemic conditions, may hclj) it accinnnlatc to the efree- 
tive pain level. 

The effect of tcnqierature has some crndcal heariii;.;. In the treatment 
of peripheral vascular disease if has been stre.ssod lime and time a^ain 
that healing- a limb with impaired eireulation is not wilhont iidierent 
danger. It is connnon cxi)erienec tlial. after .some forms of heat treaf- 
ment, the patient may comjdain of increased jndn.'^ An adetinate ex- 
planation for the pain after such trealment is the inqietus it gives to 
the foi-mation ol P .siibslajieo; di.sea.se of the vascular tree has iiroduced 
l)artial i.schemia ol the limb. Cooling has been used clinically to dimin- 
ish tissue metabolism and thus paiji .sensation. The ineonv(!nieuee of 
this mode of ti-eatmcnt and certain undesirable side react ions ])reelude 
its general aeceptanec. 

That painful sensation may originate in nonnniscular tissues under 
certain conditions of circulatory arrest and increa.se in motaholic ac- 
tivity has been demonstrated. As we pointed out, in a previous com- 
mun]cation,« the simple assumption that, pain is ean.sed by aceinnnla- 
tion of heat m the isclicmie lis.sues is not tenable. The st’rikin<>- effeet 
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of a topical application of adrenalin militates against tliis theory It 
can only constrict the surface vessels, Avithont altering the physical prop- 
erties of the finger. One is forced to assume that this sensation repre- 
sents true ischemic pain in the skin. Its nature is different from that 
produced by muscular Avork during ischemia. Instead of being dull, 
aching, and rather difficult to localize, it is sharp, stinging, and stab- 
bing in nature, and is referred directly to the offending area. Tlie dif- 
fer ence may be accounted for by the difference in the eharaetei’ of tlic 
sensory end organs in the tAAm regions. Clinically, one meets Avitli tlie 
same phenomenon. In intermittent claudication the pain is dull and 
acliing in character, and is referred to the calves or the ankles; Avith 
superficial necrosis it is sharp, stinging, burning, or stabbing, and is 
referred directly to the toe. 

Relief from pain is obtained by restoration of the blood flo^^^ With- 
out this, such alternatiAms as stopiiing exercise or removing the sovnce 
of heat cannot suffice for any appreciable period. Partial removal of 
the obstruction to blood floAV has the same effect; the pain is relieved 
for a short time, only to return Avith increased intensity until the circu- 
lation is completely restored. The minimum time required for reversal 
of the pain process in the phase of recovery is at least tlmee minutes. 
During this period, resumption of blood flow Avashes aAvay or destroys 
enough P factor in the region of the nei'v» endings so that the usual 
amount of AA’-ork during ischemia may be repeated. 

Among the theories as to the cause of ischemic pain liave been two 
opposing ones, namely, excessive Amsoconstriction and excessive vaso- 
dilatation. The basis for the first theory is probably the analogj^ be- 
tween the vasospasm (and pain) induced by cold in Raynaud’s sjm- 
drome, and the fall in tissue temperature produced by circulatory 
arrest. LeAvis, et al.,^ sIioAved conclusively, as did Rein and Schneider,’® 
that vasodilatation regnlai'ly occurs distal to the point of occlusion, and 
is probably due to the local effect of metabolites (lactic acid, CO,, hista- 
mine, acetylcholine, adenosine-phosphoric acid) . This fact and the lack 
of effect of reactive hyperemia and reflex hyperemia certainly cast great 
doubt on the validity of both theories. Even more conclusive was the 
effect of injecting vasodilating substances into the arterial tree. Al- 
though intense hyperemia resulted, it Avas unaccompanied by any 
semblance of pain. These ohseiwations Avill be presented in a later paper. 

The much disputed role of oxygen in relation to the development of 
ischemic pain Avas touched upon. LcAvis held that the oxygen content 
of the blood is not primarily responsible for the pain; later Avork by 
KissiW tended to disprove this, and his statement carries some Aveigh 
to the present day. The extreme anoxic states reached in the course ot 
these experiments and the lack of influence on the tolerance to ae ivi } 
during ischemia Avotild seem to confirm the original vieAV o cavis. 

Finally, a word must be said about the changes in Heed pref® 
and pulse rate ivMch occur with exercise during ischemia. A J 
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marked rise in kotli systolic and diastolic levels is observed long before 
the pain threshold is reached, so that it cannot be the result of Hie pain. 
The pulse and respiratory rates are only slightly increased, llei no- 
ticed the same pbemmena in bis studies on the effects of simple ischemia. 
He thonglit that the precipitate fall in blood pressure to the usual love , 
or even below, when the blood How was restored was caused by “the 
sudden release of the products of metabolism .... and the sudden 
cessation of afferent impulses witli removal of pain . . . .” Alain and 
Smirk^i felt that the blood pres.suvc rise was caused by passage of nen-e 
impulses from the exercised muscle to the vasomotor center. The .stim- 
ulus which started the reflex and maintained it during circulatory ar- 
rest was the accumulation of muscle metabolites. Since this view fils 
into the mrusele metabolite theory of ischemic pain, we arc inclined to 
favor it; the P factor may indeed be responsible for both mediation 
and causation of a blood jiressure ri.se, as well as pain. It is jiossible 
that a reflex release of adrenalin from the adrenal glands may be the 
direct cause of the blood pressure elevation. This offers an attractive 
field for further study. 


SUJIMARY AND CONCLUSIONS 

In a limb whose circulation has been arrested, an increase in tissue 
activity, ivhether caused by muscular activity or heating of the tissues, 
results in painful sensations. Even nonmusculnr ti.s.suc.s may be affected 
in the same process. Tlie relationship of the ])ain to the so-called P 
substance has been outlined. Other factors, which ap])car to exert little 
or no direct influence, are vasodilatation, vasoconstriction, and the 
amount of oxygen supply to the tissues. 
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STUDIES ON THE NATURE OP PAIN ARISING PROM iVN 

ISCHEMIC LIMB 

II. BiocHEiiiicAL Studies 

Kakl Harpuder, M.D., and Irwin D. Stein, 

New York, N. Y. 

T he substanoe (or substances) responsible for ischemic pain has lieen 
designated the pain factor, or P factor, Lewis. Some of its prop- 
erties and the factors which influence its develoiiment are alread.v 
knowi.i’ 2 Most important for tlie purpose of this study, namely, ils 
identification, was the knowdedge gained from clinical observations.^ 
It must be capable of production or mobilization within the one and 
one-half to two minutes wliich elapse between occlusion of the circula- 
tion and the completion of work during ischemia. It must also he 
capable of destruction or dispersion by the blood stream in the few 
seconds which follow^ restoration of the circulation. Pinally, it must 
revert to its original level in the tissues (and the blood) vitliin the 
three to five minutes of the recovery phase, after which the muscles 
can again perform the usual amount of work during ischemia. 

methods of study 

Tlie only practical method of obtaining information about ti.ssue metabolism in 
the intact human being is an indirect one, namely, examination of the blood sttcmn 
for the substances brought to the tissues by the arteries, and the substances 
elaborated there and removed by the veins. Because the i.«elieraic state obviously 
precludes transport of substances by ivay of the arteries, our studies were confined 
to the venous blood. In another part of this study, several of tlie suspected .sub- 
stances were introduced inti’avaseularly in an effort to reproduce the pain of 
ischemia. 

Samples of blood were taken from an antecubital vein, without stasis. The first, 
or rest, sample was withdrawn from the control arm with its normal blood circula- 
tion. Then the blood flow in the other arm was rapidly cut off by applying a 
pressure cuff above the bend of tlie elliow and maintaining a pressure of 200 
mm. Hg. Ehythmic extension and flexion of the fingers were performed at a rate 
of approximately 40 per minute. As .soon as inten.«e pain appeared (after -10 to GO 
contractions), the needle was inserted into a deep antecubital vein and tlie cufT 
quickly deflated. Tliere was a 5- to 10-second wait before the next, or exercise, 
specimen was withdrawn, so that the sample would contain blood from the deeper 
tissues. The entire time required for collection was usually le.ss than a half minute. 
A third sample was taken exactly three minutes after restoration of the circulation 
in the exercised arm. This corresponded to the minimum period required for 
recovery, 3 and the specimen was so labelled. 

Preliminary- steps were begun without delay. Before doing plasma or scrum 
analyse.s, the samples were recentrifuged to remove all traces of cellular element-. 

From the Laboratories of the Medical Division and the Department of Phjsical 
Tiierapy, Monteflore Hospital. 
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I'AIX AKlSlNCi VKOM M.MH. 11. 




I. ('in;.MicAi< on m.oni) 

Liiclic .IcW.-First amoo- tlu‘ suhsiatu-cs In he iiivc.sliL'ah-.l uilii 
n'.spcct to tin; canso of iniii) was laotlr acnl. In addition to tlio fact that 
it is an imiiovtant metabolite of muscular activity, its ability to sliiit 
llie acid-base balance to the acid side hud made it a ready tar-:t-t in 
the search for the hypotiu'tical imiu factor. Moore and Moore* made 
this inference in their Avork on the pain sensibility of arteries, altlumuh 
there was no attempt to confirm tl\e possibility by actual test. K.at/., 
et al..- likewise sus]>ected that lactic acid was tin* substam-c tv.spousiblc 
for ischemic pain. 

When blood samples were taken in the manner described ami analy/.etl 
by the p:asometric method of Avery and Hastings.' the results showed 
clearly that lactic acid could not possibly be the pain iaetiir, in the 
li^hl of the critei'ia alirady outlined. 

Representative analyses are shown i»> Table 1. 

T.\u>.v. 1 


l,.\cTic Acn> (Me. I’r.i: ('esr') 


('ASK 

r.y.sT 

w«ti:K unaN'ii 
l.SCilKMIA 

r.rt’itvr.iiY 

:2(h: 

-ilC 

‘J2A 

m.t 

10,4 

•J'.'.o 

•’S.o 

40.V 

:’.4.'2 

:c2.(; 


The increase in lactic, acid duriu'r the ])eriod of recovery, when all 
trace of pain liad disai)pear(;d, discredits any claim that it is respon- 
•sible for the [)ain. Indeed, we have observe;! it to increase, as have 
others,'' and to remain elevated for some lime aftei- re.snmj)tion of blood 
flow, a.s more of it. is '‘washed out” from the deei)er tissue.s. As for 
its effect on sldftin”: the aeid-hasc* balance, sinndtaneons e.slimation of 
the CO., combinin'^ power of the blood .sorniii .sliowod tlial it remained 
nnchanp:ed witli this amount of exercise durinic ischemia. The "ont- 
pouriii”:” of lactic acid imisl he effectively neutralized. Katz, et al.,- 
reported that ischemic pain is hastened by acidity and retarded by 
alkalinity. Thoii' results, however, were obtained by ])r()cpdures wliieh 
requii'cd inhalation of 30 i)er eent CO., and the iutiestion of lar«,'e 
amounts of .sodium Inearlioiiate. Such eonditioms are extreme, and do 
not pertain to the more phy.siolotrie limitations of work. Jlai.son ami 
Fomter,' in studying the ]dl of intereellnlai' Iluid during i.schemic nins- 
ele contraction by means of a ca()ilhiry glass electrode inserted into the 
!)cl!y, of the working muscle, showed that tliere was a?) inerease in 
acidity wliicli I'cached its maximum many minutes after the circulation 
had been restored and i)ain had disa]))H;ared. Tlic moderate changes 
which they oh.scrvcd in the pll of intereellnlai- mu.scle fluid seem\o 
parallel closely the curve of formation of lactic acid during exorcise. 
Such a degree of acidity obviou.sly doe.s- not cliango the alkali reserve 
of tlie blood, a.s .shown by our experiments. At any rate, tlmir re.sull.s 
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agree ^vith our contention that neither lactic acid nor a shift in acid- 
base balance has anything to do with the problem of ischemic ])ahi. 

Hxstamine.~A.it&a.WoTL was centered on tins substance because Anrep 
and Barsoum* had claimed that it was liberated during muscle contrac- 
tion and was responsible for the hyperemia which ensued. Eeasoning 
further along this line, it was conceivable that histamine might be the 
substance involved in the theoiy which regards excessive stretching of 
the vessel walls during vasodilatation^ as the cause of ischemic pltin. 
Furthermore, it has already been implicated by Rosenthal and iilinard’" 
as the cause of pain in the denuded or injured shin. 

Blood samples were collected from our normal subjects in the usual 
manner; the amount of histamine was estimated by Code’s modifica- 
tion^^ of Barsoum and Gaddum’s method, using guinea pig’s ileum for 
assay. Inasmuch as our estimations showed that histamine in whole 
blood remained unchanged during the course of the experiments, it wa.s 
thought possible that the expected increase® might be so small that it 
would be detected earlier in the pla.sma. Such a search, however, like- 
wise proved fruitless (Table II). 

TABI/E II 


H1STA.MINE 


CASE 

SPEcrjIEN 

REST 

WORK nUKING 
ISCHEMIA 

RECOVERY 

29A 

whole blood 

0.05 gamma/c.c. 

0.04 

0.04 


whole blood 

0.14 

0.10 

0.10 

.34A 

plasma 


none* 

- 

34C 

plasma 

■none* 

none* 

none* 

35A 

plasma 

none* 

none* 

none* 


*Only minimal, nonspecific contractions obtained. 


Inasmuch as the values of histamine were well within the normal 
range, there is no proof that histamine itself is the pain substance or 
that the vasodilatation it might produce (in conjunction vdth otlicr 
metabolites) results in the painful sensations that arise in ischemic 
tissues. The discrepancy between our figures and those of Anrep and 
Barsoum is undoubtedly to be explained by the difference in the nature 
of the two investigations. They employed dogs, and subjected them to 
much more muscular work than our subjects accomplished. A recent 
study by Kwiatkowski^^ substantiates our results; he, too, was unable 
to find an increase in histamine in either human whole blood or plasma, 
even after reactive hj^ieremia. 

Many other substances were sought and' found wanting, according 
to our criteria for a possible role in the pain process. 

Blood Ammwia.— Bmbden, et al.,^® had shown that ammonia wa.s re- 
leased from adenosine-phosphoric acid during muscular exercise undei 

pathologic conditions, and possibly also under physiologic ones. na 
conceivable that this might be the pain substance, especially sin 
Maison^^ had shown how painful the injection of ammonium sa 
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Analyses were made by the Conway micromethod/= and there was no 
difference in the three samples. 

Blood Adrenalin. — According to Baeq,*" intermediary oxidation prod- 
ucts of adi’enalin (adrenoxine) have vasodilating and inhibiting actions. 
McDowall and MclYham"’’ and others have also sliown that adrenalin 
itself may behave as a vasodilator in muscle. For that reason adrenalin 
and its oxidation product were estimated by the Shaw modification^® 
of the Whitehorn method. Although this method is not entirely satis- 
factory, the complete absence of any change in adrenalin content was 
sufficient proof that neither .it nor its oxidation products are involved 
in ischemic pain. 

Oxidation Potential. — This was studied because of the possibility that, 
in the absence of oxygen, incompletely oxidized metabolites which would 
change the oxidation potential of the tissues and eventually of the blood 
might be foi'med. Such changes might be parallel, and indicative of the 
cause of ischemic pain. The methods employed were both colorimetric 
(brilliant cresyl blue, methylene blue chloride, sodium 2, 6-dichlorben- 
zenoneindophenol) and potentiometric (Beckman potentiometer, using 
a blank platinum electrode). Again no appreciable differences could 
be found in the three samples of blood serum. 

Condnetivity of Sera. — This might serve as an indicator of the pos- 
sible alteration of the total electrolyte balance in the blood serum coin- 
cident with the appearance and disappearance of ischemic pain. Tliere 
was no essential change in the three samples, as shown by the Beclcman 
potentiometer. 

Serum Potassium. — ^Potassium was of particular interest in this con- 
nection because of its high concentration in muscle cells. It influences 
many of the fundamental properties of muscular tissue.s, notably those 
of irritability and contractility, and participates in a multiplicity of 
seemingly diverse, remote effects during the intermediaiy action of 
adrenalin and acetylcholine. Furthermore, Moore, Moore, and Single- 
ton^® found that the potassium ion was extremely irritating Avhen in- 
jected into the femoral arteries of narcotized cats, and suggested “that 
accumulation of acid metabolites or potassium ion in inflamed areas is 
more important to production of pain than increased tissue-tension.” 
The quantitative method employed by us was that of Weichselbaum, 
Somogjd, and Rusk.®“ This proved to be both convenient and acciu'ate. 
Even small amounts could be estimated, and duplicate and triplicate 
checks differed by less than one milligram per cent. In other words 
the small variations of pota.ssium ion concentration in our experiments 
were significant. The three standard samples were ■unthdra-wm from 
each one of our subjects and analyzed. As has been stated, all erythro- 
cytes were removed by double centrifuging to obviate any error caused 
by this factor (Table III). 

Potassium proved to be the one substance which was regularly in- 
creased by ischemic work, but fell quite promptly to its original level 



442 


AMERICAN HEART JOURNAL ", 


Table HI 


SeuuiU Potassium in Venous Blood of Normal Persons 


case 

CIRC. 

norjial 

BEFORE 

EXERCISE 

CIRC. 

OCCLUDED 

AFTER 

EXERCISE 

cine. 

normal remarks 

RECOVERY 

1 

16.5 

20.2 

15.1 

19 contractions 


34.4 

16.8 

14.S 

50 contractions 

3 


18.9 

34.6 

45 contractions 

4 

16.7 

22.6 

16.0 

47 contractions 

5 

21.0 

22,7 

39.6 

39 contractions 

6 

19.0 

22.9 

17.6 

50 contractions 

7 

21.8 

24.S 

19.0 

.35 contractions 

8 

20.0 

23.6 

39.4 

46 contractions 

9 

19.7 

22.1 

38.4 

42 contractions 

30 

16.7 

18.9 

15.3 

50 contractions 

31 

37.0 

38.7 

17.0 

35 contractions 

12 

-■■■ 

18.7 

16.5 

50 contractions *lst spec. lost. 

13 

14.6 

17.2 

3.3.4 

55 contractions 

14 

19.6 

24.9 

39.3 

100 contractions 

15 

16.9 

19.0 

16.9 

54 contractions 

16 

19.6 

25.0 

19..3 

38 contractions 

17 

21.1 

23.0 

20.9 

54 contractions 

18 

16.5 

19.4 

16.2 

64 contractions 

19 

18.2 

21.2 

37.8 

65 contractions 

20 

22.1 

24.2 

21.7 

55 contractions 

21 

19.2 

21.5 

18.3 

65 contractions 

22 

17.4 

20.0 

17.0 

55 contractions 

23 

15.3 

18.2 

14.8 

63 contractions 


Average increase 

3.0 

mg. /1 00 c.c. potassium 


Minimum 

increase 

1.6 

mg./lOO c.c. potassium 


Maximum 

increase 

5.9 

mg./lOO c.c. potassium 


within three minutes aftei' restoration of tiie eircuiation. Tiie smallness 
of the rise in serum potassium in relation to the profound events in- 
itiated by it needs no moi’e comment than a statement that its increase 
in the blood does not necessarily mix*ror the content of the tissue cells 
and intercellular fluid, inasmuch as animal experimentation by Noonan, 
et al.,^^ has shoAvn a temporai^^ lack of equilibrium between the po- 
tassium in these locations and the blood proper. 

Contrasted with this increase in tlie potassium ion during- ischemic 
work is the fact that it remains normal after almost double the same 
amount of work when the latter is done with an intact circulation. 


Table IV 



REST 

WORK 

CASE 

(CIRC. NORSIAL) 

fCIRC, normal) 

39B-GE. 

15.4 

35.7 

.39C-KH 

16.9 

17.4 

39D-MS 

21.6 

21.2 


Superficially, tliese results seem to belie the studies of Fenn and 
Cobb,^^ which show an increase in potassium after muscular contraction 
and stimulation. One must not foi’get, however, that these figures ncie 
obtained on animals, and that the period of stimulation lasted as long 
as a half-hour or more before a significant increase was obtained. 
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experiments on luiman l)cin“:.s ivcrc c4oscv to hein*; ]ihysiolo}i:i(!. Wo 
^Ycre nnaiile to demonstvate i\ vise in potassium clurin<>: exercise with a 
normal eirenlation, altlioup:h we do not. doubt such an increase exists. 
It must, however, be lleetiii". Tlic situation is modified by slowin',; or 
halting blood flow, for, in this way, jiotassium accumulates instead of 
beinj.; jiromptly wa.shed away. 

In order to exclude, any influence of circulatory arrest alone on the 
jiota.ssium level, in several experiments we occluded the circulation to 
one arm for 2^2 minutes. This was perhaps a minute loii'^er than the 
usual period of ext'rcise durin.U' ischemia. iXevcrtheless, there was no 
cfl'ect on the pota.ssium level. 


TAiii.r, V 


TASK 

COXTItOI, 
elite. XttllMAI, 

AVTKll 2-'.’ MlNVTl'.S 

Cine. (KTti.rinat 

40A-Kri 

17.0 

1 7.2 

4015-11)8 

10.2 

IS.7 

40C-AIG 

20.0 

10.2 

To obviate 

any po.ssihility that blood concent rtil ion in the ischemic 

region might 

possibly alter the potassium 

level, hemat(U'rit readings 

were made (Table VI). They showed that 
occur. 

Taum; VI 

hemoconcenlralion did not 


with ente. xokma). 

Arriat i.senr.Mie woiuc 


U.H.r. (</r) ri-ASMA 

) n.D.e. (f/r) )>I,AS.\IA ( '/( ) 

i5r)A Tr 

47 5:5 

47 

55 B Bo 

44 5(> 

•15 i5-5 

55C St 

51 40 

52 4S 


Heatin'; the ischemic forearm lias been shown to cause, a characteristic 
achin" pain like that ]n-oduced by exercise duriii'; ischemia, but not as 
intense or as rapid in onset. The.se difference.s' we attributed to the 
varying amounts of lime rccjuircd for the muscles to be heated through 
the insulating harrier of skin and subcutaneous ti.ssuc, and the marked 
difference in the effect on tissue metabolism of the two methods; exer- 
cise undoubtedly has a much greater effect. The effect of healing on 
the potassium level in the ischemic arm, although not constant and no) 
too impressive, is interesting, and favors the contention that it might 
he incrca.scd tissue metaholi.sm rather than any definite melaholic phase 
of muscle contraction which liberates the potassium ion. 

II. INTUAVASCUUAK IN.IF.CTIONS 

A great many substances have been introduced into the human hodv 
in attempts to influence the development of pain, e.g., the ingest. ion of 
acid or basic substances to change the ])IT (Katx, of a].-), the jmreu- 
taneous in.iection or application of liistamiuc (Rosenthal and Minard"’), 
the subcutaneous and intramuscular in.icctions of various ion.s hv 
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Table VII 


CASE 

49B KH 
49 C GE 
50A IW 

50B AS- 

51A KH 


REST 

cinc. xoniiAL 

19.2 mg. % K 
17.1 mg. % K 
19.4 mg. % K 

18.7 mg. % K 

17.8 mg. % K 


OCCIA^SION AND 
HEATIXG AT 
115“ F. 

22.0 mg. % K 
20.2 mg. % K 
19.4 mg. % K 

18.9 mg. % K 

20.7 mg. % K 


RECorar.Y 

3 AlIX. AFTER UEMARKS 

RELEASE 

18.8 mg. % K Increase in K 
1G.7 mg. % K Increase in K 

20.7 mg. % K No increase with 

heating 

18.7 mg. % K No increase with 

heating 

17-8 mg. % K Increase in K 


*Only mild pain experienced after 1.5 minutes’ immersion in \va cr bath at li5°. 
This subject was able to make 100 ischemic contractions of his arm before severe 
pain was experienced. Possibly insufficient heating explains the result in this case. 


Maison/"* and the intravascular introduction of extremely irritating 
solutions^^ which were so painful that freciuently general anesthesia had 
to be emplojmd to lessen the effect. 

Our objections to most of this work have been two: (1) the quantities 
introduced far exceeded ph 3 'siologie limits, and (2) the route of injec- 

Table A''ni 


CASE SUBSTANCE VESSEL 


(A) 

VASODILAT- 
ING SUB- ^ 
STANCES 

^35B 

36D 

36G 

1 

330 

35D 

36C 

-36B 

Papaverine 4 
Papaverine 4 
Alecholyl 100 

Histamine 50 
Histamine 50 
Histamine GO 
Histamine 75 

gr- 

gJ'- 

gamma 

gamma 

gamma 

gamma 

gamma 

A. Fem. 
A. Fem. 
A. Fem. 

A. Fem. 

V. Fem. 

A. Fem. 

A. Fem. 


41A 

KCl 

5-10 mg. 


A. Fem. 


41B 

KCl 

20 mg. 


A. Fem. 


48B 

KCl 

10 mg. 


A. Brach. 


49A 

KCl 

20 mg. 


A. Brach. 


48A 

KCl 

30 mg. 


A. Brach. 

(B) 1 

POTASSIUM 
CHLORIDE j 
(1% SOLU- 1 
TION) * 

52C 

KCl 

30 mg. 


A. Brach. 


54A 

KCl 

30 mg. 


A. Brach. 


34B 

KCl 

30 mg. 


A. Brach. 


RESULT 

Hyperemia of limb 
Hyperemia of limb 
Hyperemia, goose- 
flesh, sweating of 
limb 

Hyperemia of limb 
Flushing of face 
Hyperemia of limb 
Hyperemia of limb 

No ardent reaction 
(insulf. amt.) 

No ardent reaction 
(insuff. amt.) 

No ardent reaction 
-tinsuff. amt.) 

No ardent reaction 
(insuff. amt.) 
Agonizing pain per- 
sisting for 20 min. 
and disappearing 
gradually. 

A^'erv severe pain and 
slight vasodilata- 
tion. Effects per- 
sisted for ■14 J'’"- 
Verj' severe paiii and 

slight vasodilata- 
tion which per- _ 
sisted for 15 min. 
A^ery severe pain per- 
sisting for lO-lo 
minutes and ac- 
companied by 
slight va.sodilata- 

tion 


Control — no 


effect 
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tion and the irritating nature of the solutions themselves i)rccluded anj’^ 
possibility tliat the conclusions dra\vn, could be leliablc. 

Although the injection of suspected substances intra-arterially in the 
attempt to reproduce the pain of muscular ischemia is, at best, a crude 
physiologic method, it ivas nevertheless done with varying amounts of 
vasodilating substances and an isotonic solution of potassium chloride 
(Table VIII). 

Substances such as histamine, papaverine, and mecholyl, witli their 
known dilating effect on vmssels in muscular tissue, do not produce 
pain upon intra-arterial injection, which is the most reliable and direct 
method of placing these metabolites in the vicinity of the muscle cells. 

Potassium, on the other hand, when introduced in sufficient amount, 
produces such severe pain that it could be tried on but few subjects. 
The pain started a few seconds after injection and spread distally to 
the hand and fingers in the next 20 to 30 seconds. Our subjects, after 
they recovered sufficiently to be able to talk, called it the most severe 
pain they had ever experienced, and descinbed it as “aching,” “like a 
cramp,” “shai'p and hard,” etc. The pain rapidly reached its acme 
and continued to be most severe for ten to twenty minutes. A mild, 
but definite, hyperemia of the skin was present throughout this pei'iod. 
Tlie muscle power was markedly impaired; the subjects volunteered the 
information that the arm was “weak and they couldn’t move it well.” 
After the intense pain had diminished, muscle soreness distal to the 
point of injection in the forearm immriably occurred. This lasted as 
long as % hour or more. 

DISCUSSION 

.The potassium ion, which is preponderantly intracellular, plays an 
important role in tissue metabolism. Muscle cells are especially rich in 
potassium. Baetjer-^ showed that, if the blood flow to the hind limb 
of the cat was reduced by mechanical occlusion or by vasoconstriction 
from sympathetic stimulation, the amount of potassium in samples 
from the femoral vein was suddenly augmented by 60 per cent or more 
when the rate of blood flow had been reduced to 20 per cent of its normal 
value. This was thought to be caused by liberation of potassium from 
the muscle fibers as a result of asphyxia, not by concentration of blood 
or diffusion of potassium from the erythrocytes into Ihe plasma. Since 
then, independent investigations have shown that any aspliyxial state, 
not only local vascular occlusion, may produce the same increase in 
potassium. It must he emphasized again that tl'.ccc shidies were carried 
out on animals, and under conditions far removed from tliose of our 
experiments. The time factor, mode of occlusion, and other conditions 
were not analogous to those of our experiments on liuman beings. For 
example, we found no increase in potassium afler circulatory arrest 
of two to three minutes. We do not mean to imply that this might not 
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oeciu- in more extreme conditions comparable to those in the animal ex 
periments. 


Fenn and his co-workers have clearly demonstrated that in electrically 
stimulated muscles of various experimental animals there is a loss of 
potassium in exchange for sodium and a gain of wafer. A further con- 
tribution was the evidence that, after voluntaiy contraction, the same 
diminution of potassium in muscle and a corresponding increase in the 
amount liberated to the blood plasma occurred; the loss of potassium 
was proportional to the amount of ivork done. This increase of potas- 
sium started simultaneously with the onset of muscle stimulation and 
contraction, and the amount returned to normal in the Wood stream 
within five minutes after the stimulation had ceased. 

Other bits of experimental evidence seem to fit into this composite 
picture which we have lieen presenting. Katz and Katz,^-’ as well as 
Feldberg and Guimarais,^"’ have pointed out that the intra-arterial in- 
jection of potassium results in the liberation of adrenalin from the 
adrenal glands. Dawes-'" has further shown that potassium chloride 
not only causes vasodilatation in probable muscle, but also a general 
rise in blood pressure due to the release of adrenalin. 

Potassium enters into all of these inti’icate and closely bound rela- 
tionships — asphyxial states, blood pressure rise, vasodilatation, secre- 
tion of adrenalin, etc. It is the onl.y constituent of the tissues whicli 
fits our criteria for the P substance; it is a normal tissue metabolite 
found in gi'eat concentration in the muscle cells. It is released from 
the muscle during exercise and in anoxemic states. During ischemic 
exercise of one to one and one-half minutes’ duration it is liberated 
simultaneously with the development of pain, and accumulates siif- 
ficientlj’ to appear in increa.sed concentration in the blood stream. It is 
capable of rapid dispersion as soon as the circulation is restored, and 
returns to its normal level within three to five minutes thereafter. 


Finally, potassium is the one substance which, when injected intra- 
arterially in isotonic solution and in amounts ivhich might ordinanly 
be released physiologically from a corre.sponding mass of contracting 
muscle,-' produces .such severe pain that we could try it on but a few 


subjects. This pain is, in many respects, like the severe aching sensa- 
tion complained of after ischemic ivork, but intensified and magnified. 
It is not due to irritation of the arterial wall because there is a latent 
period of several seconds before pain begins, implying penetration to 
more distal regions, and because the amount required depends on the 
mass of tissue affected. Thus, the amounts which produced severe pain 
in the arm had absolutely no effect on the leg. The intravenous 11^00- 
tion of double or triple the amounts used for intra-arterial 
was absolutely innocuous and produced no symptoms. The 
must be explained by dilution, in the latter instance, In t le i 00 
it reaches the end organs in the mmscles; in the former it is lans 
by the most physiologic and direct route to the muscle cells. 
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One cannot say from this evidence that potassuim ns liic P t actor it- 
self, but only that it is intimately bound up with tlie phenomena of pain 
in the ischemic state in .some way that is no! yet clear. Altliough our 
own injection experiments seem to show a direct effect of the ])otassium 
ion on the nerve endings in the tissues, one cannot exclude the possi- 
bility that some reflex or even physicochemical change initialed by the 
release of potassium might he a factor. It may well he asked wliy there 
is no apparent effect on pain production in diseases such as jiei’iodic 
familial paralysis and Addison’s disease, in which profound alterations 
in potassium levels, even greater than those we have found, arc known 
to occur. In explanation of this, we wish to stress once more that the 
level in the blood does not neee.ssarily mirror the changes taking jilace 
in the tissues, and that, in so far as pain sensation is concerned, it may 
he the sudden change in potassium concentration around the .sen.sory 
receptors during ischemic contraction which is involved. 


SUJIAIARY 


It is suggested that ])ota.ssium plays a major role in the genesis of 
ischemic pain; this hyi>othesis is based partly on experimental work on 
animals, and, to some extent, on the clinical observations and biochem- 
ical studies we have presented. 

* 

During muscular activity potassium is liberated from the cells. Un- 
der ischemic conditions, a physical factor is introduced which leads to 
a rapid accumulation of the potassium ion until it reaches the tlu*eshold 
required for stimulating the pain end organs in the muscle. 

It is further assumed that an incrca.se in the activity of ti.ssucs other 
than muscle, possibly skin, might also result in discharge of potassium, 
and, under suitable ischemic conditions, re.sult in ])ain. 
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THE RELATIONSHIP OP CONGENITAL HEART DISEASE TO 

PREI^IATHRE BIRTH 


Emilio Araya, Bukxos Airf-S, Argentina, and 

Paul D. White, jM.D., Boston, !Hass, 


I N ORDER to elucitlotc the possibility of a direct or mutual relatiou- 
sliip between prcmalurily of birlb and eon^cuilal cardiovascular de- 
fects, or of a common dciiendence on some abnormality of trerm plasm 
or fetal life, we have carried out a twofold sliidy. First, in order to 
learn whether prematurity is a factor that may favor the development 
of congenital heart disease, we have examined, with the kind ]iermission 
of the staff, tlie autopsy protocols of prematurely born babies at the 
Boston Lying-In Ilosjiital, and have ascertained the incidence of such 
maldevelopment. Second, we have found out how often prematurity 
of birth occurred among patients with congenital heart disease who 
attended the Out-Patient Departments of the jMassachusetts General 
Hospital, Children’s Hospital, and Boston Lying-In Hospital, We have 
ascertained, in almost all these cases, the birth weight, and have as- 
sembled a special groip) of ])nticnts who weighed less than 2,500 grams 
(5.5 pounds) at birth, in accordance with the criteria proposed by 
Ylppo,* This author made a common gronj) of all babies wlio weigli 
less than 2,500 grams because they arc incom])letoly developed, in poor 
condition for an independent life, and have .some characteristic stigmata. 
Most of the babies of this gvoup arc born iirematurely, but they may 
be born at full term or even past term. Tims, Capper- found that, in 
fifty-six of 437 cases in which the infants weiglicd less than 2,500 grams, 
the duration of the pregnancy was not known; 276, or over 72 per cent, 
were born prematurely, 103, or 27 ])cr cent, were born at full term, and 
two were past term (these two Aveighed 1,800 and 2,300 grams, rc- 
spectivelj’^, at birth). That is why some American authors designate 
as “immature infants” those that Aveigh less than 2,500 grams, and call 
“premature infants” those A\dio are born before term, that is, before 
the 270th day of the pregnancy. At the Boston Lying-In Hospital it 
has been the custom to call infants that AA’eigh less than 5 pounds (2,268 
grams) premature, and beloAv 5 ^, '2 pounds (2,495 grams), immature. 
The criterion of the Ainight not only has clinical significance, but is 
useful also because, as avc haAn obserA’cd many times, it is impossible 
to knoAv the exact duration of the pregnancy, and because statistics 
about prematurity are based largely upon the birth Aveight. Body 
length Avould probably be the best criterion of all, but it is not routinely 
recorde d and is often difficult to measure in the first place. 
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A. AUTOPSIES ON PREAIATURKrA' BORN BABIES 

The records of 139 autopsies on prematurely liorn babies were ex- 
amined; the birth weight of 129 of them Avas less than 2,500 grams. The 
duration of life after birth had been, in most instances, only a few 
hours; the longest period of life Avas eight days. Of all the 129 infants 
Avho Aveighed jess than 2,500 grams at birth, the weight of the heart Avas 
more than 17 Gm. in only ele\mn; this is the average normal lieavt 
weight of a full term baby. The weights of the .sixteen liearts in the 
Avhole group of 139 that Aveighed more than 17 grams Averc 30, 27, 27, 
22, 20, 20, 20, 19, 19, 19, 19, 19, 18, 38, 18, and 38 gi'ams, respeetiA'ely. 
In no ease was closure of either the foramen ovale or the ductus 
ai*terio.sus recorded. 

There Avere only three eases of malformation of the heart among 
the 139 premature infants (2.2 per cent) ; these Avere as folloAvs: 

Case 1. — Interventricular septal defect, 7 n\m. in diameter, behind the left lateral 
leaflet of the tricuspid valve. The weight of the heart Avas 20 grams. 

Case 2. — ilultiple congenital malformations of the lungs, heart, and intestine. 
The right auriculoventricular valve had only two cusps. The pulmonaiy veins 
emptied into the superioi' A’ena cava, at approximate)}' 7 mm. from the opening of 
this vessel into the riglit atrium. The fossa ovalis measured 1 cm. in diameter, 
and. was only partly closed by a A’eil-Iike septum rvliich left patent approximately 
half of the foramen. The pulmonary' artery was nornuil. At a i)Oint 4 mm. from 
the free edge of the po.sterior cusp of the pulmonary A-alve, a snmll opening, measur- 
ing no more than 1 mm. in diameter, was found. This opening continued into a 
small artery' Avhieli pas.«ed uprvai'd and entered the left lung, where it divided into 
several smaller branches wliich supplied both left and right lungs. Immediately 
above this opening the ductus arteriosus began; it Avas 1.1 cm. in cireumferenec 
and 1.2 cm. long. The left atrium was of approximately normal size, hut no hlooil 
vessels coming from the lungs were found entering it. Immediately below the 
foramen ovale, in the left atrium, there was a small opening which measured about 
1 mm. A probe in.serted into this opening passed between the trabeculae of the 
right atrium. 

Case S . — Anomaly of tlie vessels of the aortic arch: the light and left common 
carotid arteries arose together to fonn a short common trunk as the tir.st branch 
of the aortic arch. The second hrancJi was the left subclavian. The third was 
the right subclavian, Avhich left the aortic arch posteriorly and passed behind tlie 
trachea to reach the right side. 

The infant Avhose heart Aveighed 30 gvams had, in addition, hepa- 
tomegaly, renomegaly, and splenomegaly. 

If AA’e consider the 129 infants who Aveighed ]e.s.s than 2,500 grants, the 
incidence of congenital malformation of the heart Ava.s three case.s, oi 
2.3 per cent. Including all the 339 cases, the incidence was still only 
three case.s, or 2.1 per cent. 

B, PATIENTS AVITH CONGENITA!. HEART PtSEASE 

We have examined the ]n.storie.s of a large group of "’J’’ 

congenital heart disea*, anti looked for the hirlli neiglit ami ev.dcitt 
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of premalurify, and have .sent, leltev.s askin- for tliis information in 
the cases in ^vhicll it was not, recorded. We have obtained sncli data 
on 188 patients. These we have divided into two tiroups; 

1. Patients wliose birlli M-ei»lit was known. There were 348 oi tliese. 
Seventeen of them, or 13.4 jicr cent, wei”:hed less tlian 2,. ‘>00 prams. 

2. Patients concerning whom it was siiecified whether or not birth was 
prematnre. There w'ere 172 of these, of whom seventeen, or 9.8 ])er cent, 
were born prematurely. 

In the whole group of 188 patients there were twenty-one with 
liatency of the ductus arteriosus, all of whom were born at full term. 
In nineteen of the twenty-one the birth weight was recorded as being 
less than 2,500 grams in only one case, that is, 5.2 ])er cent. Patency 
of the ductus is, of eoui-se, actually a jio.stnatal develoimicnt, although 
its potentiality may rightly be considered congenital. There were four 
patients with an intcrauricular se\)tal defect, all of whom were also 
born at full term. Among the thirteen cases of the tetralogy of Pallot 
seen at the Children’s Hospital, there wore only two premature births. 


DISCUSSION' 

A priori, we may suppose that there are two critical jicriods in ,^the 
development of the heart with regard to congenital malformation: the 
first between the fifth and eighth weeks, at which time the involution 
of the bulbus and the formation of the septa take ]dace, and the second 
after birth, when the ductus arteriosus and the foramen ovale clo.se. 

Patten^ has demonstrated that the foramen ovale is normally o)ien 
at birth, when it is jios.sible to pass a ])robe tlirough it, although func- 
tionally it should be considered closed. He considers tlu'ce periods in 
the closure of the foramen ovale. The first covers the first month after 
birth, during Avhich a probe can be passed freely. The second jjeriod 
lasts si.x to eight months, when the foramen ovale is reduced to a slit 
and the movable valve is converted into a fixed sejital structure; j)a.s.sage 
of a probe is still possible, but more difficult, l^inally, during the last 
period the valve of the foramen ovale adheres to, and becom'es a part 
of, the interauricular septum. Patten considers incomplete adhesion 
of the valve, with patency to a probe, as a variation of the normal, be- 
cause it is found in 25 per cent of normal adult hearts. 

Christie* studied 590 normal hearts of children who were between 
one day and one year old, and found that closure of the foramen ovale 
occurred before the twelfth week after birth in ST ])er cent of the eases. 
Closui-e of the ductus arteriosus took place before the eighth week' after 
birth in 88 per cent of tlicse eases. 

Ylppo* studied the closure of the ductus arteriosus in immature chil- 
dren, and found that, in most of them, one or two weeks after birth 
the ductus arteriosus was no longer permeable by the blood eomin<>- from’ 
the aorta. ” 
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Some authors have supposed that prematurity of birtii would tend 
to favor persistence of the ductus arteriosus or of the foramen ovale. 
Hess, Mohr, and Bartelme'^ found, in 385 autopsies on premature in- 
fants, twelve cases of definite cardiac malformations, that is, 3.1 per 
cent (including five eases of ventricular septal defect, the commonest 
of the anomalies). This percentage is about the same as that which 
we found in autopsies on prematui-e babies. 

Dioxades® thinks that prematurity should favor the persistence of 
certain characteristics of the fetal heart, namety, the relatively small 
left ventricle and relatively big left auricle, the relatively l)ig rigid 
ventricle and relativelj^ small right auricle, and persistence of the 
foramen ovale. 

In Capper’s series- of 437 premature infants who w^ere followed to 
the age of 14.5 years, there were ten patients, or 2.3 per cent, with 
congenital heart disease, seven of which Avere autopsied; the other three 
Avere aliAm, and the type of their lesions Avas not specified. The post- 
mortem diagnoses in the seven autops.y eases Avere: simple foramen 
ovale in one, foramen ovale and patent ductus arteriosus in three, 
aneurysm of the ductus arteriosus in one, pulmonary stenosis in one, 
and dextrocardia Avith pulmonary stenosis in one. 

As we have said, the hrcidenee of prematurely born childreir in our 
series of eases of congenital heart disease AA^as 11.4 per cent, eonsideriiig 
only those aa^Iio Aveighed less tiian 2,500 grams. What is the general 
incidence of premature and immature births? It varies a great deal 
Avitli statistics. Ylppo* states that the figure is 5 per cent in Moscoay 
(there Avere 6,036 children Avith a birth Aveight of less than 2,500 grams 
out of 121,626 deliveries). Pinard, Hahn, and Frangois (cited by 
Tlppd^) found 29,071 “j^remature” infants (babies AAuth a birth Aveight 
of less than 2,500 grams) out of 188,204 births in Prance, AAdiich is 
15.4 per cent; Ylppo^ calculates that in Germany the incidence of 
immaturity is over 10 per cent. Schultze^ found 6.6 per cent im- 
maturity among 10,355 ncAV-born children. American statistics giA'c 
lower figures. Einhorn® found 204 immatures that Aveighed less than 
2,500 grams among 12,335 infants born in Albany, that is, 3.47 per cent. 
Wilcox® fo un d 330 children that Aveighed less than 2,500 grams among 
10,163, that is, 3.24 per cent. Tless'® reported an incidence of 3.77 per 
cent among 49,425 infants. At the Boston Lying-In Hospital, informa- 
tion based on 27,713 births from 1933 through 1940 shoAvs an mcidence 
of premature births (1- to 5-pound infants) which values annually from 
2.9 to 3.5 per cent, and, of immature infants (below 514 pounds), tia 
varies from 4.5 to 5.5 per cent. Since our analysis should be compared 
AAdtli these various American figures, it does appear that at leas aa| 
as many of onr patients Avith congenital lieart disease Avere prema 
as in a control series of the population at laige. 
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1. Amouc: 130 autopsies on prematurely horn ehildren we ioniul 
only three cases (2.2 per cent) of congenital nmirormalion of (lie Iieai’l. 

2. Among 148 patients with congenital heart disease whose birth 
weight was known, wo found seventeen who weiglied l(‘ss tlian i.nOO 
grams at birth, that is. 11.4 jier cent. Among 172 ca.ses in which tiie 
duration of iu’egnaney Wt'is ascertained, there were seventeen jiatients 
who were born iirematurely. that is. 5).8 per cent. 

3. The incidence of ])romaturity of birth in our cases of eonuenitnl 
heart disease was about twice that in deliveries of infants witli normal 
hearts. Never! hele.ss. it happened (hat only one of nineteen patients 
with patency of the ductus arteriosvis (in reality a ])ostnata! develo])- 
ment) of this series weighed less Ilian 2.000 grams at birth, all lour 
patients with auricular seiital defects were liorn at full term, and only 
two of thirteen patients with the tetralogy of b'allot were jiremature. 
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HISTOLOGIC DEMONSTRATION OP ACCESSORY MUSCULAR 
CONNECTIONS BETWEEN AURICLE AND VENTRICLE 
IN A CASE OF SHORT P-R INTERVAL AND 
PROLONGED QRS COMPLEX 

Praxgis Clark Wood,* M.D., Charles C. Wolferth, j\I.D., axd 
George D. Geckeler,! M.D. 

I ’HERE has Ijeen much speculation concerning the meehanisni re- 
* sponsible for the electrocardiographic anomaly of an abnormally 
short P-R interval in association Avith a prolonged QRS complex. That 
it may occur in presumably undamaged hearts is strongly suggested not 
only by the pioneer study of Wolff, Parkinson, and White,^ hut by 
subsequent reports, as Avell. Recently, Hunter, Papp, and Parkinson" 
have listed the A'arious hypotheses which reflect the efforts made to ac- 
count for the phenomenon. 

The hypothesis of an accessory pathway of A-V conduction Avas first 
suggested as a possible explanation by Holzman and Scherf," in 1932. 
The same hypothesis AA'as adA-aneed independently by tAAm of us, and sub- 
jected to analysis in the light of AA'hat AAms then knoAA-n about the suh.iect, 
in a paper'* AA’hich Avas in pre.ss at the time Holzman and Scherf’s article 
appeared. It has continued to seem to us to be the only explanation thus 
far proposed for this phenomenon^'’ AA’hich offers no violence either to 
mathematical probability or to generally accepted vicaa's regarding the 
spread of the excitatory process, kloreover, the recently reported in- 
genious experiments of ButterAA’orth and Poindexter® shoAV that similar 
electrocardiograms, Avith a short P-R interA'al and prolonged QRS com- 
plex, can be produced in animals by the introduction of an artificial, 
accessory patliAA-ay. 

So far as Ave are aAA’are, no one has yet presented histologic proof of 
the existence of accessory muscular coiuiections betAveen the auricles and 
A’entrieles of a patient Avith this type of electrocardiographic abnormal- 
ity. The present paper furnishes this proof. 


CASE REPORT 

A. F.j a 13-year-old boy, was admitted to the Allentown State Ho.=pital for the 
Insane on April 30, 1935. He was under the care of Dr. A. Lindenfeld, to whom 
we are indebted for much of this information. Examination on admission showed 
no evidence of cardiovascular disease: tlie heart Avas not enlarged; the rate Avas d 
per minute: there were no auscultatory abnormalities; and no history .«ugge.sfing 
heart disease or reduced exercise tolerance Avas obtained. His diagnosis Avas “Be- 
havior problem Avith borderline intelligence. ' ■ 

From the Edward B. Robinette Foundation. ^If^ical Ciinm Hospital of 
A-ersity of PennsylA'ania. and the Jledical Sei-vice, Hahnemann Ho. pit . 
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rir""”;';:;; i::,:;. »< 4,,^™.., .J i,. .„c n«„t „pper 

nf the. -ibdomon. He was pven an injoetion of inovphino. After about 
.rbour, be eougUed up a small amount of bloody simtuin, 

The next dav premature beats were noted. One of us (&. H. G.) saw b m . fU. tins 
attack and could elicit no evidence of cardiova.scular disease, ri.ereafler 
was studied rcpoatedly by physical examination and by .special metliods. A to e 
roentgenogram showed that it was normal in size and shape; the transverse dinmo ei 
was 12.5 cm., with a chest diameter of 27 cm. Tlie electrocardiogram •^'•owed a 
short P-R interval, a prolonged QRS complex, and abnormal T waves (Fig. 1). 
Since he was powerfully built and athletic in type, witli no demonstrable abnormality 
except that in his electrocardiogram, his activities wore not restricted. In December, 
m',7, he was said to be playing basketball, without cardiac symptoms. 



Fig. 1. — Electrocardiogram of A. F., taken May 12, 1238. .showing the, .short P-R in- 
terval and prolonged QRS complex. 


On March 27, 1938, a routine physical examination sliotved nothing new. On 
March 31, 1938, after riding on a mei-RV-go-round, he experienced dizzine.s.s, 
palpitation, severe sub.steinal distres.s, and .shock-. He was in a cold sweat, and 
seemed very ill. The heart rate was “over 159.” He was helped back to the 
dormitory. Carotid sinu.s pre.s.sure was ineffective. After .seven hours, the paroxysm 
of tachycardia ceased spontaneou.sly. 

On April 28, 1938, one of us (G. D. G.) e.xaminod him again. A somewliat ac- 
centuated second sound was heard at the ba.se of the heart. Exorcise was followed 
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2. — A portion of the heart of A, F. to show the manner in which it was pre- 
pared for serial section, and to indicate the location of tlie accessorj- muscular con- 
nections between auricle and ventricle, which are shown in Fig’s. 3 ana 4 The ven- 
tricular tissue 2 cm. below, and the auricular tissue 1 cm. above, the auriculoven- 
tricular groove were cut away. The remaining part of the heart was placed on a fiat 
surface, witii tlie ventricles against that surface, and photographed from above. Thus 
one is looking do-wn on the auricular part of the preparation, w'ith the anterior part 
of the heart to the right; the right auricle (RA) ana the right ventricle (RV) are 
below-,- the posterior part of the heart is to the left; the left auricle (RA) and left 
ventricle (RV) are above. S is the septum, A is the aorta, M is the mitral valve, and 
T is the tricuspid orifice. Jl indicates the region in w-hich the muscular connections 
betw-een the right auricle and right ventricle, shown in Figs, 3 and 4, were found. 


Fig. 3. — Photomicrographs of sections taken through the auriculoventricular groove 
at position A (Fig. 2), show-ing the first muscular connection that w-as found between 
the right auricle and ventricle. All sections were stained with Masson stain, whicli 
colors the muscle red and the connective tissue green, Photograplied in black and 
white, using a green filter, the contrast is fairly definite, but not so sharp as in 
actual sections. It is much more convincing to follow- these muscular connections b3’ 
looking at each successive slide. How-ever, this figure is an attempt to demonstrate in 
a few ke 3 - photographs the appearance of the first muscular connection which we en- 
countered. In the photographs the muscle is dark and the connective tissue light. 
Magnification 37X- (u). (Section 1164A) The auricular muscle (A) is shown to the 

right, the ventricular muscle (F) to the left, and the ventricular cavitj- (VC) below, 
■with a “bay” above a projection (P). Beginning near the right upper corner of the 
picture, a bridge of muscle (R) is seen extending dow-n and to the left, and curving 
back toward the right again, just beneath the endocardium. Just to the left of this 
structure, across tlie baj- and jutting into the ventricular cavitj-, is a portion or tiie 


lar muscie i i oeiow- anu xo xne leix, auu uie nf 

“bay” above the projection (P). Across the upper part of Oiis bay the briage oi 
muscle (B) is beginning to pass. This muscle tissue now is 
auricular muscle bj- fibrous tissue, and is projecting out into the baj. 
with the ventricular muscle (JI) w-hich, in section llG-iA, was ^^tting ou 
“baj-,” is the island (.11), now- Ij-ing free in the “bay,” just to the left of ir. tcp 
(Section 1172A) The general relationships of auricular musclft J entncular^ im^^^ 
and ventricular cavity are much like those m section 11 il.A17io bri(jg oi_.m^^^^ „ 
(B) has projected much further out into the baj-, and has f bnost beco 
just to the right of the island (ill) described in Fig. 3b. \ «(, the right of 

bridge of muicle (B) now lies free as an "is and” in the ‘bay J“st to ti e r giix 
the island (.11). (e). (Section llSflA) The bridge of of two 

island (AT) and is continuous with the ventricular muscle, but the m _ 










14 c. 

.{ .*■ V-..-*^. iLtV^vVj.VV-J^ 


Fig. 3. 

structures is still separated by fibrous tissue, {/). (Section 
no longer separates the components of the "island," derived 
tricle, as it did in Section 1189A. Moreover, the i.sland B + 
with the ventricular muscle. Subsequent sections (not shown 
strated that this muscular mass communicated freely with the 
lar muscle. 

Thus this first series of figures shows the first muscular 
found. It connects the auricular to the ventricular muscle by 
a "bay" in the ventricular cavity. There is no "nodal tissue" 
such as was described by Kent. 


1207A) Fibrous tissue 
from auricle and ven- 
jlf is now seen uniting 
in this figure) demon- 
main mass of ventricu- 

connection which was 
forming a bridge over 
’ in this muscle bridge. 








a:merican heart jourxal 

by premature beats. Otlienvise, no abnormalities were founrl i 

tion. On Alay 12, 1938, electrocardiograms were take! after e / -'' 
atropine sulfate administration for 1 / i,-, i • v exercise and after 

»..ea these pt,ee,l„: ^ iSe" f”'" - 

•Show the anomaly. complexes continued to 














•SiTry: . m 

Fig^. -4. — A series of four photomicrographs showing the second muscular connec- 
tion in a. b, and c. and the third muscular connection in d. The stain and photog- 
raphy were the same as described for Fig. 3. (o). (Section 1230B) The auricular 

origin of the second muscular connection (B) is shown. The ventricular cavity (VC) 
lies to the right. In the middle of the picture is a long narrow "bay” which is part 
of the ventricular cavity, and which connects with it below and to the right, beyond 
the limits of this picture. The auricular muscle (.4) lies above. Extending down from 
it. along the right side of the "bay,” is the beginning of the second muscular connec- 
tion (B). The ventricular mu.scle (F) lies along the left shore of the “bay.” (b). 
(Section 1249C) The second muscular connection (S) projects across the "bay” and 
begins to join the "shore” on the left side of the “bay,” where the ventricular muscle 
is situated. As in the preceding section the auricular muscle (A) is above and to the 
right, and the ventricular muscle (F) below and to the left. ’ The hay, which is 
being traversed bj' the muscular bridge (B), is a part of the ventricular cavity. _(c)- 
(Section 12.55B) The second muscular bridge (B) passes across the "bay” and join? 
the ventricular muscle (F) which lies along the left side of the “bay.” The bridge 
(B) now shows no muscular connection with the auricular muscle (A), pinch lies 
above and to the right; it is separated by the indentation (/) of the "shore of the 
bav.” (d). (Section 12G9B) The third muscular connection. The auricular muscie 
(A*) lies at the top and along the right margin of the picture. The ventricular muscie 

(F) lies below and to the left. A large "lake” (I,) lies in the center. The tliira 

muscular connection (B) is the tenuous strand of muscle extending along to the leii 
shore of the “lake.” This is the most delicate of the three muscular bridges. Jti- 

the only one P'hich may be seen in its entirety in one section, and it is the on . 

p'hich does not cross the ventricular cavity. 

The remains of the second muscular connection p-hich made a ‘‘la'?®" 
portion of the "bay” (of Fig. 4b and c) is seen along the lower margin of ‘he laKc,^^ 
in Fig. 4ci, lying in the strip of tissue separating the ventricular ca\it> (icj 
the “lake.” 
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On IMaj- 17, 1038, while wrestling with one of his iriends (not reully lighting), he 
was seized with palpitation and severe substernal distress. The heart rate was “oyer 
150.” An hour later he said he felt bolter. Two hours after the onset, ho died 
.suddenly after drinking a glas.s of water. 

Examination of the heart after doatii disclosed no gross evidence of disease. 
The organ was not enlarged. The valves and coronary vessels were normal. Nothing 
was found elsewhere in tlie body to account for tlie sudden death. 

Histologic Studies . — It was decided to make serial soidions around the auriculo- 
ventricular groove in an attempt to discover wliether or not any evidence could 1)(> 
obtained concerning the hypothesis of an accessory pathway of auriiuiloventiicul.u 
conduction, 3-3 i.e., whether there was a muscular connection between auricles and 
ventricles in addition to the main auriculoventricuhir bundle. In order to do thi.-, 


the ventricles were cut olT 2 cm. below the auriculovenlricular groove, and the 
auricles were cut off 1 cm. above tlie groove, as .shown in Fig. 2. Blocks of tissue 
were cut sagittally, beginning ,iusl to the right of the aorta. 1 ho sectioning was 
carried around toward the rigid from that point. Every fifth section was stained 
and studied. 

In section IKil a muscle bundle was seen leaving the auricular muscle. It joined 
the ventricular muscle in section 1207, after passing by means of a bridge of tissue 
across the ventricular cavity just below the attachment of the tricuspid valve. Conse- 
quent!}', every section, instead of every fiftli section, was stained from 1158 to 1300, 
so that there were sections A, B, C, I), and E for eaidi of these numbers. Thus a 
total of 2897 stained sections was studied. 


Figs. H and 4 represent an attempt to show the accessory bridges of muscle tissue 
which were found i)otwcon tlie right auricle and right ventricle. Three such connec- 
tions were found in flio general position of the letter X in Fig. 2, at approximately 
the rigid lateral border of tiie iieart. Although it might have been interesting to 
carry the sections completely around tiie auriculoventricular groove, it wsis decided 
to stop when the.se definite muscular connections were discovered because it seemed 
that the information desired liad already been olffained; namely, that, in tin; heart 
of a patient who had had a sliort P-R interval and an atierrant QRF complex, there 
were definite muscular connections between auricle and ventricle, bridging tiie 
auriculoventricular groove, of a type which .should be able to conduct an impulse 
from auricle to ventricle. 


DI.SCU.S.SION 


At the end of the hist century, A. h^. Sltinlcy ICent' Itecaine intere.sled 
in the problem of the conduction of impn]se.s from {Uiriclc to ventricle. 
He made extensive microscopic studies of the aiiriculoventriculiir groove, 
and published his first oliservations in 1893, describing the aiiriculo- 
ventrieular muscular connections which he found in various mammals 
at different stages of development. He dcmon.stralcd by bis studies on 
animals' that young rats and rabbits have a very ricli mnseular ana.s- 
tomosis between auricle and ventricle. As the age of llie animal in- 
creases, or as the animal scale is ascended, Ibeso muscular eonneclious 
beconie fewer in number. The monkey exhibits tlie fewe.st aiirieulo- 
ventricular mnscnlar connections, but does have tlicm. (Kent was the 
first to describe the tuiriculoventricul-ar bundle, allbongh His’ name Ims 
been applied to it.) 

After tliese early publications, there was an interval of twenty vears 
before Kent’s next papers appeared. In lliese^“^‘ his main interest 
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sliifted^ from the lower animals to man, and lie dealt primarily ^vith 
an am-iculoventrieular connection which lay at the right border ^of the 
heart and connected the right auricle and right ventricle; he called it 
the “right lateral bundle.” He showed a number of photomicrographs 
of this structure. '<=’ It is a veiy definite muscular bridge be- 
tween auricle and ventricle. Usually the auricular muscle enters a 
mass of “nodal tissue” in the aurieuloventricular groove, “interposed 
in the course of the muscular path between auricle and ventricle.” How- 
ever, one of his early photomicrographs fails to show' “nodal tissue. 
The implication of Kent’s statements is that this right lateral bundle was 
found in all of the human hearts wdiich he studied. How'ever, he did not 
actually make this statement. He mentioned several experiments per- 
formed by himself'^ and others'*’ wdiich demonstrated to his satisfaction 
that, in animals, this structure ivas capable of conducting impulses 
from amdcle to ventricle after the main bundle had been cut. He also 
referred to observations'*’ w'hieh made him feel that the right lateral 
bundle may function in man in certain cases. However, de.spite Kent’s 
convincing photomicrographs, intere.st in the “right lateral bundle” 
waned, possible' as a result of Lewis’ opinion,® until the electrocardio- 
graphic anomaly wdiich is the subject of this paper began to be in- 
vestigated.®* * 

Recently, Glomset and Glomset® .stated that there are “definite muscu- 
lar bridges between auricles and ventricles in various places in the 
aurieuloventricular gi-oove,” but they showed no photomicrographs and 
did not mention the “right lateral bundle” specifically. 

The aurieuloventricular connections which w*e are now* describing 
had the followdng characteristics: (1) Three of them w'ere located at 
the right lateral border of the heart. Since our study has not been ex- 
tended further, it is not possible to say whether or not more such con- 
nections existed. (2) Two of the three took a rather unexpected course, 
in that they pa.ssed across the ventricular cavity in an actual muscular 
bridge. (3) No “nodal tissue” ivas interposed in their course, as de- 
scribed by Kent. Thus, these .structures may not be the same as those 
which Kent described, although they are situated in the same general 


region. 

These observations show that a patient with a short P-R interval and 
a prolonged QRS complex did have definite muscular connections be- 
tween auricle and ventricle at the right lateral border of the heart. 
These connections were of such a nature that they .should have been 
able to conduct an impulse from auricle to ventricle, or from ventric e 

to auricle. 

In our first paper on this subject^ we attempted to account for a )- 
normaHties of the cardiac mechanism, such as paroxysmal auricular 
tachycardia and fibrillation, in eases of short P-R interval and prolongo 
QRS complex, by assuming that they are initiated by retrogra e c 
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tion, througK tlie accessory tract, of an excitatory process which had 
previously been transmitted to the ventricles via the normal ehannels. 
The reports of Arana and Cossio,^® Hunter, Papp, and Parkinson, ^ and 
Levine and Beeson“ indicate that there is at least some tendency toward 
the occurrence of paroxysmal ventrieular tachycardia, as well. This 
could also be accounted for by a somewhat similar assumption, for, if a 
ventricular extrasystole forced retrograde conduction through the main 
auriculoventricular tract, and was followed by an aberrant auricular 
response, as sometimes occurs in cases in which the mechanism is other- 
wise normal, it might be possible, so far as the time relationships are con- 
cerned, for the impulse to be reeondueted to the ventricle via an acces- 
sory conduction tract if one happened to be present. Thus premature 
re-entry into ventrieular tissue might initiate an abnormality of the 
ventricular mechanism, just as premature re-entry into auricular tissue 
might initiate an abnormality of the auricular mechanism. These hypo- 
thetical considerations require the assumption of only one accessory 
pathway between auricle and ventricle. We had not previously enter- 
tained the thought that there might be more than one such pathway. 
The presence of multiple pathways should, it seems to us, facilitate re- 
entry of the excitatory process. 

Thus, this study gives support to the hypothesis of an accessory path- 
way of auriculoventricular conduction®’ in these cases. Proof of the 
hypothesis, however, would require direct evidence that tracts such as 
we have demonstrated are capable of transmitting the excitatory process. 

The patient described in this paper differed from the majority with 
this anomaly, in that he died in an attack of paroxysmal tachycardia, 
but this is the only difference. The electrocardiogram was typical, at- 
tacks of paroxysmal tachycardia are characteristic, and the patient 
showed no other evidence of cardiovascular disease. 

If, as Kent implies, this right lateral bundle exists in all human hearts, 
the question suggests itself, why do not all of us have a short P-R inter- 
val and a prolonged QRS complex? We have no data upon which an 
answer to this question could be based. 

SUMMABY 

1. A patient with a short P-R interval and a prolonged QRS com- 
plex, and no other evidence of cardiovascular disease, died in an attack 
of paroxysmal tachycardia. 

2. Gross examination of the heart showed no evidence of disease. 

3. Serial histologic sections of a portion of the auriculoventricular 
groove showed three muscular connections at the right lateral border 
of the heart between the right auricle and right ventricle. Two of these 
bridged a small part of the ventricular cavity during their course. 

4. The demonstration of the presence of these structures, which should 
be capable of conducting an impulse from auricle to ventricle, furnishes 
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further support for the hypothesis of an accessory pathway of aiiricalo- 
ventrieular conduction as an explanation for this eleetrocarclio"Tap]iic 
anomaly. 
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ACQUIRED PALMAR ERYTHEMA AND CUTANEOUS 
VASCULAR “SPIDERS” 

William Bennett Bean,^' M.D. 

Cincinnati, Ohio 

D uring* the past several years, in a study of the cutaneous arterial 
“spiders”! which may occur in certain persons with li\ei dis- 
ease, pregnancy, and nutritional deficiency disorders, and in appai'enth 
normal persons, observations have been made on two bundled fifty- 
one subjeetsd These have been followed for periods varying from a 
few days to five years. Among the associated vascular phenomena, a 
curious hyperemia of the skin of the palms and sometimes of the soles 
has been encountered in a few instanees-t This appears to have an im- 
portant relation to vascular spiders. A review of the reports of similar 
cases has been undertaken, and pcr.sonal observations on eleven new 
ones wdll be presented. 

In surveying the literature one encounters great difficulty in deciding 
whether to include certain obscure conditions of the palms and soles 
among the cases here considered. Reports during the last quarter of 
the nineteenth century w^ere often vague about details, so that it is 
difficult to make a diagnosis from the de.scriptions. Into the category of 
doubt must fall the erythrokeratosis or erythema keratodes of the soles 
and palms,^ and related disorders.^ 

Eiythema palmare as a distinct entit.y wrns first described in an all too 
brief note by Chalmers, •* in 1899, although this paper has not been noticed 
by subsequent waiters. He wms impressed by a remarkable palmar red- 
ness, symmetrically disposed, and most pronounced in the palmar pads 
of the hypothenar and thenar eminences. He found the condition only 
in Europeans wdio were residing on the Gold Coast of West Africa. 
There w^ere no symptoms, and the condition ivas entirely innocuous, al- 
though it wms apparently widely prevalent in the special group which 
he studied. No suggestions w'cre put forward concerning the nature of 
this stigma. 

In 1914, there was an intere.sting discussion of a case presented at a 
meeting of the British Dermatological Association under the title of 
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tThe term vascular “spider” was first used by Patek, Post, and Victor.” In 
words angioma and telangiectasis, this curious arterial aneu- 
'’4?". called spider cancer, naevus araneus (spider web) naevus 
arachnoideus, tache stellaire, and etoile vasculaire. Arterial or vascula? “snide^^ 
a purely descriptive name, is the simplest and most satisfactory. . 

tBizarre erythema of the palms and fingers, with or without cyanosis his heon 
noted in a number of conditions. Osier (Am. J. M. Sc. l.-iS- 18^ lOOSl 
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erythromelalgia. Because of the absence of pain it was obviously iiol 
ordinary^ erjdhromelalgia. Parkes Weher= compared the palms' with 
those which had been noted in 1901 during an outbreak of arsenic poison- 
ing, when the term “arsenical beer drinkers’ hands” had been in vogue. 
It seems to have been painless. Since erythema palmare usually pro- 
duces no symptoms, there should be no difficulty in distinguishing it from 
typical acrodynia or erythromelalgia, both of which are, by uLie and 
by definition, painful. 

The next report, and the one heretofore considered as the original, 
was made by Lane,® in 1929. He studied this phenomenon in two men 
who had had red palms as long as they could remember. Other members 
of the families had identical discoloration of the hands. Lane named the 
condition Erythema Palmare H ereditarium, and urns the first to point 
out the hereditary and familial features. From the comments on his 
paper, and discussions of several subsequent reports, it became clear that 
many physicians had a vague familiarity with similar cases, but had 
given the matter no careful consideration. 


After Lane’s paper, sporadic notes appeared. The syndrome has oc- 
curred in association with a multitude of diseases, as shown in Table I. 
Among the observations which maj'’ be of significance, several stand out. 
Ambler" was the first to record the appearance of the syndrome in a 
previously unaffected patient who developed liver disease. The palmar 
change persisted for seven years. Ambler measured the skin tempera- 
ture, and found that it was considerably higher than normal. Llierowsky® 
was the first to observe a similar erythema of the soles in a patient with 
the palmar change. From the description given by Parkhurst,® it does 
not seem likety that isolated plantar erythema, with sweating and oc- 
casionallj^ with eczema, has the same origin, but this must be settled 
by further study. Slight pain in the hand has been recorded only by 
Gottron.^® The pain Avas atypical, and the red areas Avere not similar 
to those of erythromelalgia, as described by Weir Mitchell, in 1872. 
Clubbed fingers Avere noted by Bloeman” in a patient aaIio had the 
acquired variety of palmar erythema Avhich had lasted 27 years. 
Sehmidt-La Baume’s'^ patient had dermatographism. He also noted 
accentuation of the redness of his palms after drinking alcobohc bever- 
ages. Aguilera Idaruri^® found that the condition in a man Avith S 3 'pb- 
ilL and tuberculosis gradually cleared up under antisyphilitie therapy, 
after a Ioioaati duration of three years. Feldman'" was the first to point 


out the association AAuth pregnancy. 

Walsh and Becker'® presented a large series of eases and cited mo.st 
of the antecedent reports. The thing Avhich excited their attention vas 
the association of palmar eiythema and vascular “spiders 
nant women, which had never before been reported. Their detaiie 
study included observations of the skin Avith a capillary . 

histologic studies of the vascular spiders. Their paper sliou 
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sultcHl l)y anyono who wislios- lo ohiahi a nnuprohmsivo m-as), of tha 

^^Thri-oDorUHl easos aro labulalo.l in Tahh’ 1. aloofr with llio'^o to )..• 
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Tlu’ <*uw‘s wo aro i'(‘itortin*,i: roproKont a l)y-pioi1nol of tlio olinirat 
appraisal of oiitanoous vasoiilar spidoi-s whioh lu»s boon in prouroKs lov 
sovoral years, and ooinprisos observations on almost tlad oases, oi Avbioh 
rooonls have Itooti kept on 2r)l.'‘ Many of llio early observations, al- 
thonuh nia<l(' iiKlopo.mlontly. nn'roly sorvotl to oontirin some of those le- 
poried by Williams and Snoll'- and Patok. Post, and Viotor.'* ami 
theroforo havt* not lu'on reported In'rototore. A few remarks A\ill iielji 
in orientation. We have seen vasenlar “s]>iilers" ai>pear witli liver 
disease of various kiials. In order of fre(pieney, these are Laennee s 
eirrliosis, catarrhal jaundiee. “eardiae” cirrhosis, obstruction ot the bib' 
dnet by slotio, jirimaiy hepatoma, rectal eareii\oma with bejnilie meta.s* 
tasis. homoehromatosis. jaundiee caused l)y aispiieiiamine Jiiid liismutb. 
fatty liver, unexplained jaundiee, and a c-ase of Weil’s di.sease {jirob- 
able). Altl\ou<ib tliere was, in these case.s, a temieney to ehrouie Iiepatie 
disease, vasc'tdar ‘kspiders" oeeasimially appeared after only a feu' day.s 
of ilines.s. On the other hand, we bav(* .sei*ji several instances in wnieh 
spiders were noted years before sifriis of liver disease iipjteansl. .luflt^* 
intr from tiio tiondc'.seript array of hi'patie disoiders. the type of disease 
is of no imimrtanee; ami, from unpnblisheil observations.' it can be 
stute.d that, althouizh “spiders” tend to aj>pear in persons with sn'nr 
or hin(j-st(iniUn(j liver disease, no knowji )iv<‘r fiinetion test or clinical 
feature bears any strict correlation to the development of tliese vase\)lar 
Iftsions. On the avera',:e, the wor.se the liver damaf'e, the "reater the 
likelihood that vascular “spiders’' will ap{)ear in tlie .skin. Nonetheh'ss, 
many persons <lic of liver disease and never have them. 

The second •iroup of persons afl’eete<l with '‘spid(-rs” consisted of 
pregnant women. We noted Ibis .several years ago, ami have observed 
thirty-seven cases, many of wbieh were seen casually and not folinwed, 
.since we have not made a routine .study of preg/janf women. From our 
records it may be stated that they lend to at)])ear between the second and 
fifth months of pregnancy, usually iueis'asi' in size and numher iinti! 
neai'ly term, and may di.sapi)ear abrujhly within ten day.s after delivery, 
although usually the larger ones pensisl longfir and may even heenino })er- 
manent (at lea.st five yeans). 7’hcy may r(‘ai>i)ear or enlarge with .svtb- 
sequent pregnancies. We had .supjio.sed tiiat some liver disturhaneo 
might e.xplain this phenomenon, but have never found any evidenee of 
past or pre.sent hepatic dysfiinel ion (liat is i)ecnliar to pregnant women 
who^t “spiders,” as compared with otliei-s who eseai)e tlie.se blemi.shcs. 


AvorU AviiH (lonu In a.i.ioclution with 
™ , orton HiimbuiKer, to avIioiii. iilono wit 
my <jel)t for .sundry nsslstiince l.s vory Ki'fiil 


Hr. Doniild rVir.stcr. 
niioiy Imusi- oincor.s 


ami 

iiiid 


recently 

Intern.*,', 
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ince we were altogether ignorant 

e searched the standard texts on ohsteti . , j,, onerous re- 

imiliarity with this ^^pp.^-ently no one has suc- 

orts in dermatologj^ journals, although appa 

seded in disseminating this information. 

The third group consisted I have records of 120 

aspeeted of having, vitamin deficiency disea.ses. 
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i:i;mai;ks 


In white people in tropics. 


Conerclio cordis. 


hy iodides. 

)erculoiis spondylitis. 

mntogriiphisni. Hunds lind dccjicr color nftev inges- 
tion o£ alcohol. 

)erc,ulosis and syphilis. The palms gradually cleared 
after antisyphilitie therapy. 

Onset in second" and recurrences in llrd and -llli pregnancy. 
Fetus had hemorrhages. 

Occurred in i! generations in males only. Onset in 3th 
month of pregnancy. 

Faded after pregnancy, hut percept ihic 8 months post 
pjirtum. 

Began in second month of pregnancy and faded hy the 
9th day post partum.% - 

Began in the 4th month of . pregnancy and was much 
faded by the (>tli week post i>artnm. 

Still prc.sent 2 years after pregnancy. 

>Soinc pain in hunds. 

More marked in warm weather, 

More marked in warm ireather. 

Hyperthyroidism. 

Hyperthyroidism and disihetes. Palms hotter after 
thyroidectomy. 

Cirrhosis. 

Undiagnosed jaundice and hyperthyroidism. ? liepalonifi. 
Cirrhosis. 

Cirrhosis. Palms faded as jaundice cleared. 

Cirrliosis, Mitral .stenosis nnd aortic regurgitation? 
Chronic alcohol addiction and lobar pneumonia. 

Chronic alcohol addiction, lobar jmoumonia, and delirium 
tremens. Palms and spiders faded after pneumonia 
cleared. 

Catarrhal jaundice. 

Chronic alcohol addiction, jaundice in past. Lohar 
pneamonia. Color faded after pneumonia was treated. 
Tuberculous pneumonia, meningitis, epididymitis, and 
miliary dissemination. 

Cirrhosis, proved hy autopsy. • The palms became red in 
the last few months of his di.seaso. 


persons with vascular ".spiders" who Avere seen in the Nutrition Clinic 
in Birmingham, Alabama, during 1940 and 1941. It has not lieen pos- 
sible to correlate their occurrence with any known vitamin deficiency 
syndrome, although, in a I'etv in.stanccs, they disappeared after therapy 
mth different -tdtamin B complex preparations; this may also occur in 
hepatic cirrhosi.s.' Thi.s observation is of questionalile significance be- 
cause the same thing has happened ivitliout any therapy or change in 
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diet, and many “spiders^ have persisted in spite of all types of vitamin 
therapy. They show a notable tendency to occur in children, and there 
is a strong familial disposition. 

Therefore, many or most of those in the third group may rightly 
belong in the fourth group, which included healthy persons of ”110111 
sexes and all ages, with no history or suggestion of liver disease, alcohol 
addiction, pregnancy, or vitamin deficiency. In this normal group it is 
most difficult to explain the “spiders”; in the other groups there may 
be a significant common denominator. 


From the beginning of this study, very detailed records have been 
kept on ill persons with “spiders.” These include observations on the 
skin, mucous membranes, and cardiovascular system, and a variety of 
laboratory studies. Several years ago an example of palmar erythema, 
associated with vascular spiders and cirrhosis, came under observa- 
tion and was casually recorded. Not until seeing the second case was 
our attention sharply focused on the palms. Since then they have' not 
escaped notice, and many patients with other kinds of disease have been 
inspected for similar changes. In addition to obvious hepatic disease, 
several instances of palmar ery'^thema have been noted in association with 
pulmonary disorders, although chiefly among alcohol addicts -whose livers 
were presumably diseased. 

The following eases of erythema palmare are presented in detail, so 
that, if our current interpretations prove erroneous, w'e shall have clearly 
defined the background and natural history of the syndrome. It is un- 
fortunate that in the eaily eases I did not obtain certain details of the 
history which now seem important. Only after reading the paper of 
Walsh and Becker^® was the possible significance of this redness of the 
hands suspected. 


Case 1 (U-84982). — G. D., a 50-year-old white woman, was admitted to the medical 
service January 14, 1938, for treatment of pains in the abdomen. She claimed 
that she had ingested a quart of whiskey daily for twenty years. In recent years 
she had also taken heroin, and, at the time of entry into the hospital, had been 
serving a prison term for violation of the Federal Naj'cotic Law. Her diet sliould 
have been adequate, but there were periods when she ate very little. The history was 
not important in other respects. 

Physical examination disclosed a temperature of 98.4° F., a pulse rate of 80, and 
a respiratory rate of 20 per minute. The blood pressure was 100/65. Tlic enlarged 
liver presented a smooth, firm border at the level of the umbilicus. It was sligliHy 
tender. The spleen was palpable, and its smooth border was a handbreadtli below 
the rib margin. No ascites could be demonstrated. There was no jaundice. T ie 
skin of the upper part of the thorax, shoulders, and face was peppered with vascu ar 
''spiders;” 43 typical ones were counted. Tliey varied from 5 mm. to 4 
greatest diameter. Dilated vessels were prominent over the nose. The palms s ion c 
warm, dusky-red areas, particularly in the hypothenar and thenar regions ( ig. 

In the red regions the normal pattern of mottling was accentuated, am pa 
stood out against a dark-red, reticulated background. 

Chemical studies indicated liver damage. Forty-five per cent o le 
sulphthalein was retained; 3.7 grams of galactose were e.vcreted m testing 
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tolerance. The formolgel test was strongly positive. Tl.e blood Kahn reaction 
was strongly positive. The blood cell counts and hemoglobin were norma . 

Course iiuring her stay in the hospital she became wor.se, and a new crop of 
vascular “spiders” appeared. One very characteristic one developed in the site 
from which another had been removed for histologic study, and several smaller ones 
appeared, with their centers exactly in the stitch wounds. Later while she ^^as im 
proving many of the old and recent “spiders” disappeared and the erythema of the 
palms faded, but the latter were still more red and warmer than the unaffected 
adjacent parts. She was discharged after seven weeks; her condition improved con- 
siderably during the last month of hospitalization. 





/A 


!• — Diagrams of the distribution of palmar and digital erythema in the 11 cases. 

They include Cases 23 through 33 in tlie table. 

Case 2 (U-157095). — E. E., a 50-year-old white woman, was admitted to the 
medical service April 4, 1941, complaining of weakness and palpitation which had 
grown worse slowly for at least two years. There was also a history of exertional 
dyspnea, dry cough, and yelloivness of the eyes of long but unknown duration. Her 
inadequate diet was further curtailed by anorexia, nausea, and soreness of the mouth. 
Paresthesias of the hands and feet had also been troublesome. 

Examination disclosed an emaciated, icteric, white woman whose thyroid gland 
was enlarged and contained stony-liard nodules. The tongue and lips were cherry 
red. There was tachycardia, but no fever. The heart was enlarged to the left and "a 
harsh systolic murmur was heard at the base. Throbbing of the neck vessels was 
extreme^ The arterial pressure was 150/60, and a capillary pulse was detected. 
Moist rales were heard at the bases of the lungs posteriorly. Below the right costal 
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margin the sharp edge of the liver Avas felt readily, and tlie spleen came down several 
centimeters, although tlie abdomen Avas not distended. Her palms and finger tips 
Avere dusky red and Avarm to the touch. No vascular ‘ ‘ spider.? ’ ’ Avere seen. ^Moderate 
edema of the ankles AA’as present. 

The icteric index A\-as 39, the serum albumen, 2.5 per cent, the globulin, 3.2 per 
cent, and the urea nitrogen, 7 mg. per cent. The erythrocytes numbered 3.9 million, 
and the leucocytes, 7,000 ; the hemoglobin A\-as 12.2 grams per 100 C.c. ’ The basal 
metabolic rate Avas +55 and +38 on tAvo occasions. More than 30 per cent of the 
bromsulphthalein Avas retained at 30 minutes. Free hydrochloric acid was present 
in the fasting gastric juice. 





Pig 9 *_Case 3. This picture shows a the'neighbor*"^ 

pipe? money flecked with silk threads. 

Course.— The patient responded to treatment with * 

and riboflavin, although she had auricular X administration of 

cardia persisted, with an average ra e ^ jiospital because she felt 

Lugol’s solution Avas begun, but, on -^P” “ ’ . jigt,.e«ing plight, with edema, 
J,er. BL. .-eeks later .1,. ■'“‘’'iu™ tl.e 

drapnea, and ascitee. Her jaundice liail 7 , 4 , and 6 per 

aibumin iras 1.3, 1.7. and 0 . 2 d per cent, an ® cell myeloma, 

during the final month. Bone “f “f„; mas made ahoot the palm-. 

I did not see her on the second aOmm' g„,d„„IIy inoroa-ing h™ 

Her a<=cites required paracentesis seAcral t •• second.', and the 

lailnr; .ith deepening jaundice. «;» b":. died a moot,, at.er imr -cc-d 
blood urea nitrogen rose to 40 mg. p ^^.«sociate Pro- 

li^ofcturespr "Is c 

patience. 
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admission. The diagnosis was obscure, but the presence of severe liver dan.age 
Avas manifest. No autopsy was done. 

risr™^Li^r .its, r r 

ankles at the end of the day. There was some nausea, particularly m the moinmg, 
Avhich he treated by taking a "shot” of whi.skey. He had pains and pare.sthesia 
the legs and feet. He stopped work a month before admission, and lemamed in bed, 
but the abdominal swelling and jaundice progressed, his urine became daik, and b 
sought relief in the hospital. The family history was negative; a sister was suie 
that no one in the family had red hands. 



Fig. 3. — Ca.se 3. Palmar erythema is most distinct in the hypothenar area. The 
sharp but irregular margins are clearly defined. Redness of the terminal phalanges 
can be made out in the little and index fingers. Mottling of the palm is conspicuous. 
It will be noted that the crytliema is confined strictly to the palmar skin and does 
not encroach upon that of the wrist. 


Physical examination revealed a very ill, deeply jaundiced man; his temperature 
was 100° F., hi.s pulse rate, lOS, his respiratory rate, 22 per minute, and his blood 
pressure, 140/90. O’lie lips were du.sky and the face and chest were warm and moist, 
and upon tlie jaundiced skin a dusky red tint wa.s superimposed. There were two, 
large, pulsating vascular "spiders” (.see Pig. 2). Afatiy areas in the skin contained 
small, dilated arterioles; they tvere arranged on tiie clie,st and abdomen in bruslies 
and chaplets, but had no lelatioiiship to the diapliragm or other muscle attachments. 
In certain regions of the arms tliere tvere many simil.ar, .s-liort vessels, .scattered in 
disarray which mimicked the apparently aimless pattern of silk threads in American 
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S LT I prominence. There 

^as paltnar e^^hema wlncli Avas deepest in tlie liJT)othenar aspect (see FJg, .V ^.<1 

dusky red, with irregular, small spots of a paler hue, 2 to 5 mm. in diameter TlVred 
color was present also in the terminal phalanges of all fingers and the thumb but it 
cannot be seen clearly in the photograph. There were extreme capillary pulsation in 
the fingertips, and early clubbing. The chest flared to accommodate tlie bloated bellv 
which was well covered with collateral veins. A handsbreadth below the costal 
margin tlie firm, nontender edge of the liver was felt. Ascites was present. Tlierc 
was no edema of the legs or ankles, but evidence of peripheral neuritis was found. 


The icteric index was 160, and there was a strongly positive direct and indirect 
Van den Bergli reaction. The prothrombin time was 16 seconds. Tlie blood contained 
3.6 units of phosphatase (Bodansky) and 290 mg. of cholesterol per 100 c.c. The 
erj-throcjdes numbered 2.6 million, and the leucocytes, 10,000; there were 10.5 gm. 
of hemoglobin per 100 c.c. Bile was present in the stool and urine. 

Course. — The treatment consisted of diuretics, nicotinic acid, thiamin, cod liver 
oil, and a diet low in fat but high in protein and carbohydrate. It was necessary 
to resort to abdominal paracentesis Nov. 11 (1900 c.c.), Nov. 16 (3,000 c.c.), and 
Nov. 20 (1,700 c.c.) ; there was some seepage from the wound of the second tap. 
Earlj' vascular changes similar to those in the vascular “spiders” developed about 
the first paracentesis wound within seven days. The jaundice increased, however, 
and the patient died on the nineteenth hospital day of hepatic coma. There was no 
autopsy. 

Skin temperature readings were made on the palm at room temperature and at an 
environmental temperature of 20° C. It was found that the temperature of the areas 
of erythema ranged from 1.5° to 4.5° higher than the adjacent pale regions of the 
palm. The temperature of both areas declined and became equal within fifteen 
minutes after occluding the artery in the upper part of the arm with a pneumatic 
tourniquet. It was noted that no Bier's spots appeared in the prevnously red regions, 
even after forty-five minutes of arterial occlusion. The erythematous skin was more 
deeply cyanotic than the adjoining skin, and reactive hyperemia was more intense. 
Temperature measurements over the pulsating rascuiav “.spider” gave readings 2° 
G. higher than over the neighboring skin; this observation has been made repeatedly 
on other patients. i 


Case 4 (17-166406). — L. B., a 45-year-old white man, a chronic alcohol addict, was 
admitted to the medical service of the General Hospital November 23, 1941, after a 
convulsion which interrupted a prolonged drinking bout. He had been a lieavy 
drinker since the age of 18, and in recent years had worked in a saloon. He had 
noticed swelling of his abdomen three weeks before entry, and edema of his ankles 
developed ten days later. There had been exertional dyspnea. No family history of 
erythema palmare or telangiectasis could be obtained. 

Examination revealed a nervous man who looked older than he admitted being. 
He was short of breath, and had a warm, moist, cyanotic, yellowish skin. His tem- 
perature was 101° P., his pulse rate, 86, his respiratory rate, 28, and his blood 
pressure, 135/65. The neck veins pulsated. His heart beat was grossly irregular, .and 
the electrocardiogram showed auricular fibrillation. A systolic tlirill and tlie mur- 
murs of aortic stenosis and regurgitation and mitral regurgitation were ’ 

although he did not recall having rheumatic fever. The liver, which was fe t m i 
difficulty in lus distended abdomen, came donm to the umbilicus. Enlargement o J 
spleen was noted. A few collateral veins stood out on his abdomen. On Jus c ‘es ‘ 
shoulders were typical vascular “spiders.” His palms and fingertips were invol^ 
in the sharply defined, dusky erythema indicated in Fig. 1. There nas - 

^^Th^icteri “index was 46, the prothrombin time wa.s 21 siowed^riigld 

was inverted (albumin 3.6, globulin 4.0). Examination of the blood 
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macrocytosis, but little anemia. Fifteen per cent of the bromsulpUthalein was re- 
tained after thirty minutes. 

Course.— While on the ward his tongue became rod, and dermatitis developed on 
his wrists where shackles had been used. The tongue and skin of the wrists responded 
to treatment with nicotinic acid, riboflavin, and thiamin, which were used to supple- 
ment a diet very high in protein and carbohydrate and low in fat. The jaundice 
gradually disappeared. The “spiders” on the arms and chest decrca.«od in .size, and 
three disappeared; the erythema of the palms gradually faded until only a faint 
blush was left in the previously red areas. He was discharged after four weeks. 

Case 5 (11-169539).—^. McG., a 4.3-year-old white man, was admitted to Ihe 
medical ward in the last stages of disseminated tuberculosis. There was no story 
of alcoholism or disease of the liver. He had had the flrst symptoms of tuberculosis 
a year previously, and his family physician had found tubercle bacilli in the sputum 
and cavities in the apices of the lungs. In spite of rest at home, the disease had 
advanced inexorably. Several months before entry epididymitis set in, and a drain- 
ing sinus followed. For a few daj-s before adnii.ssion lie was in a deepening stupor. 

Examination disclosed signs of widespread pulmonary’ cavitation, meningitis, and 
epididymitis. No jaundice was present. The temperature was 102° F., the pulse rate, 
150, the respiratory rate, 30, and the blood pressure, 130/104. The finger.s were 
clubbed to an extreme degree, and the erythema of the distal phalanges was e.xtreine. 
Some osteoarthropathy was present. The palms were universally implicated in the 
hy'peremia. There was one vascular “spider” on the face. Tubercle bacilli in great 
numbers were found in the sputum. 

Course. — After three days in coma he died. The autopsy showed miliary tubercu- 
losis throughout the body’, although the liver was not without large areas of normal 
looking tissue. Much of the lungs had been destroyed. 

DISCUSSION 

These patients ivith palmar erythema had djagno.slic or presumptive 
evidence of liver disease. No history of a family tendency to palmar 
erythema could be obtained, but, since some patients were evasive about 
the past and vague about the present, this observation is unreliable. 
The presence of vascular “spiders” in eight cases is of great interest, 
especially because they tended to wax or wane in phase with the varia- 
tions in the hy’peremia of the hands. There was a definite correlation 
between the fluctuation in severity’ of the liver disease, as judged clin- 
ically’, and the advance or regression of the “spiders” and the palmar 
cry’thema. This suggests that whatever evokes or suppresses the one 
behaves in like fashion towards the other. Together with many other 
facts, it also points to the probability’ that a humoral mechanism under- 
lies these two vascular phenomena. In the surveyed cases (excluding 
those associated with pregnancy), liver disease or a familial tendency 
to redness of the palms existed; sometimes they’ occurred together. In 
some subjects this sign had existed for years, and was unaccompanied 
by symptoms. In others it appeared after the onset of some illness 
perhaps to fade away’ when health returned. ’ 

The nature of this alteration in blood flow in the skin of the hand is 
obscure. Since it is not necessarily permanent, it undoubtedly consists 
of a reversible change in local palmar circulatory adjustments. It re- 
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mains to consider the reasons for the curious localization and the nos- 
sible cause of the erythema. 

Information on tlie comparative liistology of the skin, nerves, and 
blood vessels of various parts of the palm and sole is scant. It is 'well 
known that these regions are more vascular than the neighboring por- 
tions of the skin on the arms and legs, but the vascular architecture 
of- different areas of the palm and sole has not been mapped. The pres- 
ence in the palms and soles of large numbers of direct arteriovenous 
shunts is significant. Since the increased redness is associated ivith 
an increase in surface temperature, the blood flow must be increased. 
Capillary pulsation, which is so jirominent in the finger tips and manifest 
in the palms, also attests to an open state of the vascular bed in the 
erythematous region. We liave found no increase in the systemic circula- 
tion time (decholin) and, with rare exceptions, none in the arterial blood 
liressure, which indicates that the enhanced blood flow is a local phe- 
nomenon and is probably restricted to the skin. A variation in the depth 
of color from time to time, and the occurrence of a dusky cyanosis on 
occasions, emphasize the lability of the basic physiologic alteration, 
According to Walsh and Becker,^'"’ the overlying skin is not thinner than 
normal. There is, however, definite dilatation of the palmar capillaries, 
and many more than the normal number can be seen under the capillary 
microscope. 

The pattern of redness, although the intensity of color fluctuated, 
was permanent in outline in each of our cases. Among the patients 
there was much variation in the extent and distribution of the erythema 
(see Fig. 1). As Chalmers'* pointed out, no cutaneous nerve supplies 
the exact area involved. Similarly, the large anastomosing arterial ar- 
cades are not limited to the strict confines of the red regions. One must 
conclude that other local anatomic factors are concerned. Innervatiou 
liy the sympathetic nerves might possibly explain it, or some structural 
constant, such as arteriovenous anastomoses, but this cannot be settled 
on the basis of available data. 

The strong thread of familial predisposition stands out. Tliis could 
mean an inherited structural fault, actual or potential, which allowed 
the vascular changes to occur under the proper stimulus. Or it might 
signify unusual susceptibility to the exciting mechanism, a^ suscepti- 
bility perhaps not present in normal persons. The hereditary and 
familial factors need much more careful study before conclusions may 
be reached. They were not found in our cases, Imt the history was not 
often conclusive.’ The possible relation to the familial tendency to 
vascular “spiders” in apparently normal persons^ should be investi- 
gated. 

Exen if we assume that an anatomic disposition to erythema palmare 
exists, the exciting cause demands careful scrutiny. Because it ona 
its congener, the cutaneous vascular “spider,” vary undei lo s< 
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clinical influences, ^Ye have searche.d I'ov some pl\ysiolof,nc^ disortler 
common to both. Stmly of Ihe vafraries of the yasenlar “.spidei-, es- 
pecially the evanescent type which ocenvs with livcv disease and prcf>- 
nancy,' aroused the suspicion that the oxeilins cause of the.so eruptive 
vascular phenomena misjht he a protracted increase in circulatiu”: estio- 
gens or the related 17-ketostcroids. An excess of estrogens is a well- 
known phenomenon of pregnancy, and it occurs at about tlie time the 
“spiders” make their appearance.’ Not so well known, hut. nonethe- 
less certainly e.stabli.shcd, is the fact that the liver normally destroys, 
changes, or inactivates estrogens.'*' It has been shown that, at least in 
some eases of cirrhosis, large (piantities are excreted in the urine, some- 
times in unusual form.**" Thus the common denominator of acquired 
vascular “spiders” may reside in prolonged alteration of the circulating 
17-ketostcroids; the relationship is certainly (luantitative. and perhaps 
also qualitative, whether in pregnancy or hepatic disease. If this specu- 
lation be correct,, it is reasonable to a.s.sume tliat tlie same thing livings 


out the acquired erythema of the palms in sub,ie»'ts who arc prcdis]ioscd. 
Lending some weight to this assumption is the observation of Edwards, 
Hamilton, Duntley, and Hubert,*" who used the Hardy recording .spec- 
trophotometer to study the changers in the concentration of hemoglobin 
and oxyhemoglobin in tlie .slrin of ca.strate and eunuchoid men before, 
during, and after treatment with a 17-ketosteroid, testo.st crone projiion- 
ate. They obtained objective and quantitative data which verified their 
clinical impre.ssions concerning the changes in the skin. Of e.sjiccial 
intere.st in connection with our observations on acTjuired erythema of 
the hands (and .sometimes feet) was their finding that the normally 
very pale skin of castrates developed a ruddy hue after ketosteroid 
therapy. The change was particularly mai-ked in the pnlm.s, soles, and 
other regions of the skin which are Avell supplied with arteries. Tliey 
demonstrated the arterial nature of the blood, with its high content of 
oxyhemoglobin, and gave reasons for believing that the local blood flow 
was increased in volume and rate. We have produced evidence that sucli 
a state obtains in the red areas of the palms. 

The associated clubbing of the fingers in four of our eleven cases de- 
serves comment. In some instances the degree of clubbing varied with 
the intensity of hyperemia in the finger tips, although the nails changed 
more gradually than did the digital erythema. The idea tliat. clublflng 
depends on an increase in blood flow, or a change in the pressure gradi- 
ent in the arteries, has been suggasted in the past. Tlie occurrence of 
clubbmg of the fingers in association with liver and thoracic disease 
may depend upon the same alterations in circulation wliich give rise to 
the palmar and digital hyperemia. 


CONCLUSIONS 

Study of the acquired va.scular “spider” and acquired palmar hyper- 
emia suggests tliat these vascular alterations are caused by an increase 
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of the circulating 17-ketosteroids. We assume that the small arlevios 
of susceptible regions of the skin in predisposed persons become widelv 
patent, allowing an influx of arterial blood. In the case of the cutaneoas 
vascular “spider,” this may take the form of a small arterial aneury.sm. 
In the palm, general arterial dilatation develops, perhaps with opening 
of many arteriovenous shunts. We have had no opportunity to stud.y 
the metabolism of estrogens and related compounds under the circum- 
stances in which these vascular changes occur, but there is ample evi- 
dence of an increase in the amount of estrogenic 17-ketosteroids in the 
blood and urine in liver disease and pregnancy. Because of the elaborate 
and treacherous technique required, it seemed unwise to undertake as- 
says. We have, however, administered estrogens to some of our subjects 
whose palms or “spiders” had faded. In two instances the “spiders” 
reappeared, and in one case the palms became red for the fii'st time,-^ 
In the absence of any quantitative studies on estrogens, and because the 
suggestions put forward are supported only b.y clinical analogj’’, we 
hesitate to solidify these ideas into any rigid hypothesis. The pituitary 
gland has been omitted from consideration altogether, rather from ig- 
norance than belief that it is unimportant. Further implications of 
this thesis are apparent, and have important bearing upon such phe- 
nomena as the association of Hippocratic Angers and digital erythema, 
the infrequent clinical association of cirrhosis and arteriosclerosis, and 
other obscure relationships. 

SUMMARY 

1. The literature on erytliema palmare has been i-eviewed. 

2. Eleven new eases are reported in patients with hepatic or pul- 
monary disease, or both. Contrary to the experience of others, no 
familial tendency was discovered in these cases. 

3. Cutaneous vascular “spiders” occurred in eight of the eleven 
cases. These lesions waxed and waned concomitantly with the degree of 
redness of the pahns. 

4. It is postulated that both of these localized vascular disturbances 
result from an abnormality in circulating estrogenic substances and 
other 17-ketosteroids. 

5. Experiments to test this hypothesis suggest that it may be valid, 
although not enough data are available for Anal conclusions. 
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ADDEKDUM 

In a disciLssioii of my paper on Vascular Spiders and Palmar Erythema 
at a meeting’ of the Central iSociety for Clinical Research, Chicago, 111., 
Nov. 6, 1942, Lt. Col. P. S. Heneli called attention to his work on the 
ameliorating effect of .jaundice and pregnancy upon certain forms of 
arthritis, and suggested that a similar meclianism might nndei’lie this 
phenomenon and the emergence of “ spiders. ’ ’ 



PATHOGENESIS OP SUBACHTB BACTERIAL ENDOCARDITIS 

I. 17. Held, M,D., an-d Abraham Liebebson, JI.D. 

New York, N. Y. 

C UBACUTE bacterial endocarditis was first described in this country 
as a clinical entity by Libman^ at about the same time that Schott- 
miiller^' recognized it abroad. As early as 1909-10, Libman and liis 
associates, notably Celler® and Baehr,^ made thorough pathologic, hac- 
teriologic, and clinical studies which elucidated the salient features of 
the malady and permitted its early clinical recognition. 

Because the disease is insidious, Schottmiiller named it endocarditis 
lenta, and stated that the Streptococcus viridans mitis is the sole cause 
of the infection. It is agreed that in the majority of cases the Strepto- 
coccus viridans is the direct etiologie factor. However, as was first 
pointed out by Liljman and his co-workers, and later universally con- 
fiimed by Herrick,® Hamman and Eieh,® Thayer,' and Horder,* it is now 
knorvn that other microorganisms can be responsible for this form of 
endocarditis. Not only can any microorganism produce the disease, but 
not infrequently two or three different bacteria may be recovered from 
blood cultures and from the diseased valve. Orgain and Poston® de- 
scribed five eases of mixed infection in bacterial endocarditis. The in- 
dividual cases recentlj" described (De La Clmpelle and Giuef,^® Spink 
and Nelson, Wechsler and Gustafson^®), in which the endocarditis was 
caused bj* the Brucella organism, indicate that the rarest types of micro- 
organisms may also cause subacute bacterial endocarditis. It is there- 
fore appropriate to adliere to the name proposed by Libman, i.e., sub- 
acute bacterial endocarditis. 

The most thorough investigation of the pathogenesis of the disease 
has failed to yield the answers to luany fundamental questions. Why 
does subacute bacterial endocarditis affect only a diseased valve? Wit'" 
does the damaged valve often enjoy immunity from the disease for man}' 
j'eai’s, and then suddenly become vulnerable ? Why does the disease last 
so long, and why does it abuost always end fatally? 

It has been assumed by the older classical theorists that the illness is 
protracted because the Sti-eptococens viridoms is less virulent than most 
other pathogens. A priori, this does not appear reasonable, for other 
microorganisms, as stated above, wliich are otherwise very virulent, such 
as the Streptococcus liemolyticus, the goimeoccus, the pneuinocoeeiis, 
the meningococcus, and Friedlander’s bacillus, can cause the same pat m 
logic changes in the valves and the same drawn-out clinical coiu'se. n 
the other hand, the Streptococcus viridans may cause acute fulminafin„ 
endocarditis, with death in two to seven weeks, as in the case ot oi 
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patients at the Beth Israel Hospital- ivlio ivci-e Avoalconea by serious 
previous illnesses. The virulence of the organism appears, therefore, 
to be a much less important factor than the natural rosistanec of the 

host. 

Another view of the pathogenesis of this disease was exiiresscd by 
Clawson and Bell,” Avho are of the o])inion that rheumatic endocarditis 
and subacute bacterial endocarditis are merely mild and severe forms, 
respectively, of the same infection. Von Olahu and rappeiiheimcr'-' 
added support to this view by their contention that subacute bacterial 
endocarditis is usually implanted on recently active rheumatio Icsiou.s, 
and not on old or healed rheumatic valvular defects. To refute this 
concept of the pathogenesis of subacute bacterial endocarditis, wc ne 
only consider that the influenza bacillus, the pneiimocomis, the goi 
coccus, and numerous other organisms can cause the disease, and surely 

<1 . . 1 • . 1 n i\ 


need 

gono- 


v;uuv:uo, uiivA iniinv-i. vivio v;\i»va - * 

these organisms have no relationship to rheumatic fever. Furthermore, 
in the majority of cases there is no jiathologic evidence in tlic myo- 
cardium, such as the presence of Aschofi! bodies, or in the jiericardium, 
of recent I'heumatic infection. Of eonrso there is no doubt that 
rlieumatie valvular disease is a vital in-edisposing factor, but its immedi- 
ate relation to subacute bacterial endocarditis is undoubtedly the ex- 
ception rather than the rule. It is also well known that, occasionally, 
s^Tihilitie aortic valvular disease may be the forerunner of .subacute 
bacterial endocarditis, and congenitally derormed valves lilcewi.se pre- 
dispose to this fatal infection. As far as is known, congenital valvular 
defects are certainly not the result of rheumatic infection. 

Grant, et al.,’'"'' ” and Keefer- have advanced the theory that plate- 
let thrombi on the previously damaged heart valve servo as a nidus on 
which the bacteria deposit themselves, thi’ive, and initiate subacute 
bacterial endocarditis; they assume that, in order that bacteria may 
lodge on the previously diseased, deformed valve, a thrombotic valvular 
lesion must pre-exist. Desiiitc the plau.sibility of such a concept, we ai-e 
confronted with the following ([uc-stions: (1) What is the original 
cause of such blood ])lalclet thrombi, and (2) why do they occur in 
some cases of damaged valve and not in others? Furthermore, what is 
the origin of such blood platelet thrombi in a congenital heart lesion 
or on a congenitally bieusjiid aortic valve? Wc know that, at autopsy, 
in the majority of cases of congenital heart disea.se and recurrent endo- 
carditis and heart failure, no thrombotic lesions are seen, and terminal 
thrombotic endoearditi,s is quite common in wasting diseases and otlicr 
agonal states, but subacute bacterial endocarditis does not. occur in these 
ca.ses. Furthermore, subacute bacterial endocarditis does not .super- 
impose itself on the thrombotic endocarditis described by Friedbci-g, 
Therefore, wliy .should wc a.ssnme that a Ihiumbotic lesion 

IS patholofric<ally not thrombotic because blood thrombotic endocarditis 

absent. The lesion, as shown by Alien is a dormoo ."',1 consplcuomsl}' 

similar areas are found .al.so in tho mvopnloi,!? ‘\''hcno:,itivc endocardial cli.anco- 
terminal infections. ® mjocarclium in chronic wa.stlng- di.scasos ami 
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exists on some rheumatic valves and not on others? It is more reason- 
able to assume that, in subacute bacterial endocarditis, it section .shows 
some tlirombosis along the edge of the valve, this is only part of tlie 
active pathologic process, and not the pre-existing cause. 

It seems to us that the peculiar pathologic changes and clinical course 
of this disease can be attributed to local tissue reactivity caused by 
hyperimmunity. The local and systemic tissue resistance and tlie im- 
munity of the reticuloendothelial system in general, and of the endo- 
thelium of the valves and heart in particular, are responsible for the 
protracted course. Death occurs only when tliere is exhaustion of tlie 
endothelial system, unless some complication, such as embolism, or rup- 
ture of a mycotic aneurysm in the brain or in tlie subarachnoid space, 
terminates the disease earlier. The endothelial nature of the disease 
thus asserts itself. So prominent is the invasion of the endothelial 
system in this disease that one may even speak of it as infectious endo- 
theliosis, in analogy to what E. Prank terms, among the diseases which 
manifest a hemorrhagic diathesis, “hemorihagie endotheliosis. ” 

That the reticuloendothelial system plays an immense role in the 
production of immunity was well established by the studies of Mctch- 
nikoff, Aseholf, Goldmann, Ehrlich, and others. Recently, Sabin,®" in a 
brilliant piece of -work, demonstrated microscopically the formation 
of antibody globulin in the cells of the reticuloendothelial system, which 
emphasizes the prime importance of the endothelial cell in resisting 
infection. The body reaction to infection is thus determined largely 
by the state of the reticuloendotlielial system, and can be conveniently 
classified, as Siegmund®^ and Dietrich®® suggested, into three general 
types: the a-reactive, tlie normally reactive, and the InToerreactive. 
In the a-reaetive type, which occurs with fulminating infections, there 
is complete loss of reactivity, so that any microorganism in an in- 
significant focus may so overpower the body as to cause death without 
localization of the infection at the focus, and before any appreciable 
pathologic change can occur (“cryptogenetic sepsis”). In contra.st to 
this, in the normally reactive type of infection, the immunity of the body 
permits localization of the infection. In the hyperreactive, the tissues 
have become highly immunized agaimst a microorganism, and there i-s 
a marked local reaction at the site of invasion, with the advantage m 
the struggle largely on the liost’s side. We believe that this last 1,y]ic 
of reaction, i.e., that of tissues highly immunized by previous infection, 
explains the lesions and clinical course of snbaente bacterial endoearchti.s. 
If the lesions were not located in the heart, whence brolveii-off vegeta- 
tions .are carried to distant parts of the body, either with or without 
bacteria, the outcome would not necessarily he fatal. Wiicii eomsidcjef 
as a hyperimmune reaction to infection, the pathologic cliangcs respon- 
sible for the symptoms in this disease can he easily imderslooc. 
shall attempt to reviciv them in this light, one by one. 



I1EI.D AXI) LTEnKItSOX; SIJUACUTK 15ACTKH1AI. KXDOCAUDITIS 4S] 

Tiic disease bep:ms duvin<^ the. tvansicnl bacteremia llial accompanies 
most infections (pyelitis, tonsillectomy, extraction ol an intected tootli, 
etc.), affecliu!’- first the capillaries of the val%-c. Becanse oi the liyper- 
iminunity and increased local resistance in cbroni(‘ally diseased \ahcs, 
the nsnai response to infection, such as exudation of leucocytes, ulcera- 
tion, and connective tissue formatio)), does not occur, but. instead, tliei'e 
is a deposit of fibrin and Idood platelets similar to that wliieb follows 
a clean skin incision. This fibrin, blood ])latelct, thrombus eonslitutc's 
the soil on which the eirculatinfi' bacteria im])lan1 themselve.s. Polypous 
vcfretations form and tend to remain localized or spread by eonti;ruily 
to different parts of the heart— in mitral stenosis, to the auricle, and, 
in aortic disease, to the ventricle, or even to anotlier valve. 

In contradistinction to tlie theories of the above mentioned authors, 
and particularly that of Keefer, who considers the thrombolie lesion to 
be the primary factor, it is our concei)t that the thrombus is caused by 
the action of the bacteria on the capillaries of the diseased valve, and 
that it is from these capillaries that the blood ))latelets and fibrin esca})e. 
On this thrombus more bacteria deposit themselves, formin.ir additional 
vegetation.s. Thus a .septic focus deve]oi>s on the heart valve, which, 
as a rule, gives ri.se to secondary foci in other i)arts of the body. Follow- 
ing this viewpoint, we may say that suhiniic bactei'ial endocarditis con- 
stitutes an '‘endocardial sei)si.s,’' whei-eas antic ulcerative endoeaialitis 
can be termed “septic endocarditis.'’ In the latter, ))athologie changes 
in the endocardium arc a ])art of tho.se in the rest of the body; whereas, 
in the former, all the changes that take |)lace in the rest of the body 
are caused by the oi’iginal focus in the endocardium. The changes in 
the capillaries and arterioles, as well as tbo.se which occur occasionally 
in the larger blood ve.ssels. are caused either by direct embolism from 
the endocardial vegetations, with or without bacteria, or by toxins. In 
either event, aneurysmal dilatation and rupture of .small capillaries or 
arterioles may result. In other instances, vascular obstruction may 
occur, e.g., in the larger vessels of the lower extremities, leading to 
gangrene, or sudden obstruction, by bacterial emboli, of the eoi’onary 
or mesonferic vessels. Aneurysmal dilatation in the brain may lead to 
cerebral or subarachnoid hemorrhage. 

Since the embolus usually comes from the left side of the heart, pulmo- 
nary infarction does not often occur, but. renal and sjjlenic infarctio)! is 
common. The truly bacterial C7nboli have a tendency to involve the 
larger blood vessels (arterioles), whereas the toxins tend to affect the 
capillaries. In most instances the i)etcchiae arc caused bv the inp^air- 
ment in the permeability of tlic capilhn-ies which results from the toxic 
effect of the bacteria. 

The manife.stations of embolism depend laigelv on the. size of the 
vessel. If it is in small capillaries (as the eon.iunetivac), it’ cau.scs the 
eharaetenstic white-eentcred peteehiae, whei'eas in larger vessels it 
forms httle nodes (O.slei- nodes) wl.ich have a great tendency to be 
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absorbed. When it attacks the endothelial layer of the glomenilus it 
causes the characteristic Lohlein-Baehr glomerulonephritis. This is a 
progi-essive kidney lesion which shows, as is the ease in all other organs, 
no tendency to connective tissue formation. Since neither the affereiit 
or efferent vessels of the kidney suffer, there is no increase in blood 
pressure. The pin-point hemorrhages in the glomeruli give rise to the 
tj’pical “flea-bitten” kidney. Christian^® reported studies on the kid- 
neys of sixty-one patients who died from subacute Streptococcus viridans 
endocarditis. He found areas of infarction in 91.8 per cent, prolifera- 
tive, cellular, glomerular lesions which were analogous to the lesion 
in acute intracapillaiy proliferative glomerulonephritis in 80.32 per 
cent, and diffusely distributed, hyaline thickening of the walls of the 
glomeralar capillaries in 16.39 per cent. He encountered five types of 
glomerular lesions: (1) proliferation of the capsular epithelium, (2) 
focal fibrous lesions, (3) complete disorganization of glomeruli, (4) 
hyalin fibrinoid thrombi in glomerular vessels, and (5) masses of 
bacteria in glomerular capillaries. 

In short, this is a disease which, either by bacterial vegetations or 
toxins, affects first the endothelium of the endocardium and valves, and 
then the endothelial structures of capillaries and arterioles of different 
parts of the body. The outcome of the disease can be explained by the 
degi’ee of that invasion. 

In the majority of eases there is mild sepsis. The patient is not 
“heart-conscious.” Only because of the protracted fever, the presence 
of valvular disease, and the moderate anemia does the physician sus- 
pect the possibility of this disease. In the majority of cases onr atten- 
tion is called to involvement of the capillaries by the peteehiae in the 
conjunctivae, mouth, or elsewhere. In the finger tips there may he the 
painful Osier nodes (known also as Libman nodes). In most cases the 
endothelial system of the spleen responds actively, so that there are en- 
largement and induration of this organ. In acute infections, on the 
other hand, the spleen is soft and tender*. 

Another early and frequent manifestation is hematuria. Although 
this accompanies gradually increasing involvement of the glomerular 
capiUaries, it is usually associated with very little albuminuria, only 
occasional casts, and no change in the specific gravity; usually, there is 
no increase in the blood pressure. 

In many cases, clubbing of the fingers develops quite rapidly as a 
result of capillary changes in the nail bed. When the disease is pio- 
tracted, the endothelium of the hemopoietic system (bone marrow, efc.j 
is involved. As in subleueemie leucemia, there may be leucopenia, wi i 
immature leucoevtes (myelocytes and myeloblasts) in the blood. 

There is every reason to believe that, in some ca.ses, healing and 
recoverv occur, as Libman has reported. When blood cultures aie 
taken often enough in the acute phase of the disease, the organism 
will be foixnd in more than 90 per cent of the cases (Libman ana 
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Fricdberg^^). The degree of bacleremin, that is, the Dumber of colonies 
found on'^cnlinrc, does not indiealc liow soon the disease will cml ialally, 
although in the terminal stage the number of colonies increases rapidly. 
There are on record a number of cases of two or three years’ duration 
in which there were numerous colonics in the blood culture. On the eon- 
traiy, in the healed stage (Libman), w'hcn the blood cultures arc per- 
sistently negative and even when no bacteria arc found in the di.scascd 
valve post mortem, there may be marked anemia and uremic manifest a- 
tions caused by diffuse glomerular disease, but. no increase in blood 


pressure. 

The disease occurs typically in jiatients with rheumatic heart disease 
who, after the original infection, apparently acqviired enough immunity 
to insure against reinfection. In contrast to other cases of rbeumatie 
fever, in most of the cases of subacute bacterial endocarditis recurrent 
rheumatic endocarditis is the exception. It is also imiiortaut that, even 
during the first acute attack of rheumatic fever, such patients have veiy 
few cardiac manifestations, so that sometimes the ]iaticut cannot recall 
having been afflicted with valvular disease, unless his attention had 
been called to the existence of a murmur. Neither the myocardium nor 
pericardium was involved, and therefore there were no cardiac synpi- 
toms. This is also the reason why, in these cases, a liistory of congestive 
heart failure is rare, nor does it occur in patients with auricular fibrilla- 
tion, One encounters eases in which there is no history of rheumatic fever, 
although, in his youth, the patient may have had mild growing pains 
in the muscles or extremities, or, after a mild attack of scarlet fever or 
pneumonia, may have been left with a valvular lesion which produced 
no important symptoms. There arc exceptional ca.ses, as, for instance, 
those reported by Gro.ssmau and Lieberson-® and Segal,-'’' in which 
auricular fibrillatrorr and subacute bacterial endocarditis coexisted. 'We 


believe that, in these cases, as a rule, congestive heart failure docs not 
account for the fibrillation, but that the vegetation invades the mural 
endocardium of the auricle, causing fibrillation without signs of con- 
gestive heart failure. 

If there is inerea.sed resistance and Iiypcrimmunity in these cases, 
what permits the subacute bacterial infection to start on the diseased 
valve? We feel that the insidiousness of the disea.se indicates that some 
other infection acts as a forerunner for .subacute bacterial endocarditis. 
There is often an upper respiratory infection caused by the influenza 
bacillus or pneumococcus, during the course of which the Sirepiococcus 
viridaiis, which is found so widely distributed in the body, enters the 
blood stream, lodges on the diseased valve, and forms the nidus of the 
subacute infection. It is Iniown, further, tliat, after tonsillectomy 
cystoscopy, or extraction of an infected tooth, there is often a transient 
bacteremia which may do no harm to the normal person, but, when a 
valvular lesion is present, the circulating bacteria may lodge on the 
valve and start the infection. Such a concept suggests that, if we attack 
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the disease in its very early stage with chemotherapeutic measures as 
recently suggested by Christian, we may be able to abort it. OrdiiiaiJ]\* 
one sees the patient late in the course of the disease, when the endotlielial 
system and other organs are so affected that the chemotherapeutic agent 
cannot reach all tlie bacteria and may do more harm than good. Our 
hope lies in discovering the disease early, before the endothehal svstem 
has become irreversibly exhausted, and before complications Imve set iji. 

suaiaiARY 

Subacute bacterial endoeaz-ditis is a distinct pathologic and clinical 
entity. The vegetative endocarditis that characterizes this disease, with 
its exudation of fibrin, blood platelets, and enmeshed bacteria, represents 
a state of high local and general ti.ssue immunity to baeteiial invasion, 
rather than lowered resistance; the immunity resides in the local endo- 
thelial structures, as well as in the general reticuloendothelial system. 
Since the reaction to this bacterial invasion is largely endothelial, iho 
disease can rightfully be termed infections endothcliosis. 

Subacute bacterial endocarditis occurs typically in patients who have 
valvular disease, usually rheumatic, but who have acquired a high 
degi'ee of immunity, so that reinfection, recurrent endocarditis or pan- 
carditis, and congestive heart failure do not occur, , This increased 
immunity is responsible for the fact that the patient is not heart- 
conscious even during the attack of acute valvular infection. Then a 
transient bacteremia, caused by an upper respiratory infection, tonsillec- 
tomy, the extraction of an infected tooth, or pyelitis, permits secondary 
invasion and implantation of bacteria (usuall.v tire ubiquitous Strepio- 
coccus virid-ans) on the damaged valve. A careful history will reveal 
that some infection which lowered the general body resistance is usnaliy 
the beginning of an illness that later develops into subacute bacterial 
endocarditis. Although the bacteria are able to implant themselves 
on the damaged vah^es, tliey find in the valve an altered tissue reactivity 
which does not permit much local damage, such as ulceration or exten- 
sion into the myocardium or pericardium. A more favorable outcome 
would be likely if the bacteria were not localized in a. focus that com- 
municates directly with the blood stream. If embolism does not cut the 
disease short, death occurs when the local and systemic endothelial 
systems become exliausted. 

Subacute bacterial endocarditis is a true endocardial sepsis, for the 
valve acts as the primary distributing focus of the infection. As such, 
if the focus can be removed surgically (as in some cases of patenc.y of 
the ductus aiteriosus) or chemotherapeutically before complications 
set in, there is some hope for a cure of this dreaded disease. 


REFERENCES 

3. Libman, E.; On Some Exiieriences With 

Bacterial Infections. Bull. JoJins Hopkins Hosp. ' ,,,,tf,o<rcncn 

2. Schottmuller, H.: Die Artunterscheidiing 

Streptokokken durcli Blutagar, Munelien. meek Uclui-selir, 50. S4. , J- 



HKLO AND LIKIiEKSON: 


■SUHAOUTK UACTKUIAfj KXDOCAIMJITIS 


485 


;). 

(i. 

7. 

S. 

!). 

1 ( 1 . 

11 . 

12 . 

1 . 1 . 

14. 
1 . 5 . 
l(i. 

17. 

15. 

in. 

20 . 

21 . 

90 


24. 

273 . 

20 . 


Libmaii E., anti Cellfiv, H. L.; The EtioloRV of Suhaeutc Infective EndocanlitiH, 

Am. J. M. Sc. 140: 7310. iniO. t v.- t 

Baehr, G.: Glomerular Le-'^ions of Subacute Baclenal Emlocurditip, 3\m. .1. 

M. Sc. 144; :i27, 1012. 3 . oi. i-... 

Herrick, J. H.: The Healing of Ulcerative EiiilociirditiP, Aleil. Aews 81. 4.>.>, 

Hamman, L. V.. ami llicli, A. U.: Two Cases of Siib.-ieute Hacterial Emlo- 

carditis, Internat. Clin. 2'. 201, lOOO. . , , , , tr i • 

Tliaver, W. S.: Studios on Bacterial (Infective) Endocanlitis, dolins Hopkins 
lio.sp. llejiorts 22: 1, 102(1. 

llordor, T. J.: lufectivo Endocarditis IVitli an Analy.sis of loO Cases and 
With Special Beference to the Chronic Form of the ])isea.<e. Quart. .1. Hed. 
2: 280, 100.S. 

Orgain E. S., and Boston, Itf. Ali.xcd Infections in Bacterial Endocarditi.s, 
Am. IIeaut .T. 23: (1, 82:i, 1042. 

He La Cliapelle, C. E., and Graef, T.: Occurrence of Sulaicute Bticlerial iMido- 
carditis in Alitral Valvular Disea.se With J’re-c.\istiiig .Auricular Fibrillation. 
A Case Beport, IVm. Hr..M;T .1. 8; :V732, 10:12. 

Spink, W. W., and Nelson, A. A.: Brucella Endocarditis. .Ann. Int. Wed. 13: 
721, 1030. 

AVcehsler, H. F., and Gustafson, E. G.; Brucella Endocarditis of Congenital 
Bicuspid Aortic Valve, Ann. Int. Meil. 16: 6, 122.8, 1042. 

Held, I. W., and Goldidoom, jA. A.; Acute Streptococcus Viridaiis Endo- 

carditis — Beport of Four Cases AVith -Autopsv Observations in Two, .Arch. 
Int. Hed. 53: .108, 1034. 

Claw.son, B. .T., and Bell, E. T.: A Comparison of Acute Bheiimatic and 
Subacute Bacterial Endocnr.difi.s, .T. A. M. A. 37: (It!. 102(!. 

A'’on Glahii, W. C., and Pappenheimer, A. Al.: Belution.ship Between Blieumatic, 
and Subacute Bacterial Endocarditis, .Arcli. Int. Med. 55: I/.'!, 10.37). 
Grant, B. T., AVood, .1. E., and .loiies, T. II.: Hei'.rt A’alve Irregularitie.s in 
Belation to Subacute Bacterial Endocarditis. Hc:ut 14: 247, 102.S. 

Grant, B. T.: Observations on Endocarditi.s, Guy’s Hosp. Bop. 86: 20, 1!),3(). 
Keefer, C.: Patliogencsis of Bacterial Endocarditis, A.Nt. 1 Ii;.m:t .1. 19: .lu” 
1040. 

Friedbcrg, C. K., Gross, L., and AVallach, K.: Nonbactevial Thrombotic Endo- 
carditis Associated AVitli Prolonged Fever, Artlirifis, Iiiflamnuition of Serous 
Membranes and AVidesprond vascular Le.sions, Arch. Hit, Med. 58: 662, 10.36. 
Sabin, F. R. : Cellular Be:ictioiis to Bye-Protein AVith Concept of Mechanism 
of Antibody Formation. .1. E.vper. Med. 70: 07, 10.30, 

Siegmund, H. : Untersucliuiigen iiber ImimmitUt und Ent/.iindung, Verliundl 
d. deutseli. path. Gosell.seh. 19: 114, 102.3. 

Dietrich, A.-. Die Bcaktion.sfhhigkcil de.s Kdrjiers bei soptischen Erkranknngeu 
in ihren patliologi-'-eli-anatomischen Aeiisseningen. A'crhandl d Gesellsi-ti 
f. inn. Med. 37: ISO, 1027). 

Christian, H. A.: Kidneys in tSubacuto .Streptococcus A’iridans Eiidocarditls 
J. Mt. Sin.ai Hosp, 8: 427, 1042. ’ 

Liliman, E., aiul Fricdborg, C. K.: Subacute Bacterial Endocarditis, New 
lork, 1041, O.xfonl Universitv Presc. ’ 

Grosman, A and Licborson, A.': Unusual Clinical Manifestations of Subacute 
Bacterial Endocarditis, Ajt. IIkaut .T. 14: 3.52 10.37 >nii..o.uu, 

Sepd, M S.; Auricular Fibrillnfioi: and AiiricnIaV Elutter in tim Subacute 
Bacterial Endocarditis, New England ,T. Aled. 212; 1077, ' ""•''-"te 



THE ROLE OP INSULIN-PREE, HISTAMINB-PREE PANCRE- 
ATIC TISSUE EXTRACT IN THE TREATMENT OF 
PERIPHERAL ARTERIAL DISEASE* 

L. W. Gorhaji, M.D., and D. R. Cllmenko, M.D., Ph.D. 
Albany, N. Y. 


TN 1928, Prey and Xrant^ described a pliysioiogicallj^ active substance 
A which is excreted in the urine and is normally present in large quan- 
tities in the pancreas. The intravenous administration of this material 
to animals produced a transitory fall in blood pressure, an increase in 
the cardiac rate, and an increase in the stroke volume. Gley and 
Kisthinios,^ working independently, isolated an insulin-free material 
from the pancreas which had the property of producing a transitory 
fall in blood pressure after intravenous administration, and also antag- 
onized the pressor effects of epinephrine. In neither case could the 
physiologic effect he attributed to histamine, choline, or peptone. This 
question has been raised by Villaret, Justin-Basanqon, and Oachera,^ 
who felt that the crude preparations with which they were Avorking con- 
tained a sufficient quantity of choline and histamine to account for the 
cardiovascular action. More recently, Elliot and Nuzum,^ using a more 
highly purified preparation, were able to demonstrate that the physi- 
ologic activity of their material aa^s not due to the presence of histamine, 
choline, or peptone. 

Wolife and his co-AAmrkers,® becairse of certain superficial similaritie.s 
betAveen the action of this type of pancreatic tissue extract and the so- 
caUed heart muscle extract, suggested that the activity of the former 
might be attributed to the presence of adenosine, adenylic acid, or some 
allied substance. Both adenjdic acid and adenosine, in addition to a 
transitory faU in blood pressure and an increase in coronary Aoaa^, cause 
transitorj^ heart block Avhen administered intravenously. This last 
action is so uniform that Drury and Szent-Gyorgyi® suggested that it 
be used as a biologic method of identification of these substances. Me 
have administered the pancreatic extract to be described, in doses as 
high as 100 units, intravenously to dogs, Avithout producing heart block. 
Similar negatiAm observations Avere made on anesthetized guinea pip- 
This is in accord with the observations of Elliot and Nuzum'* on rabbits 

and guinea pigs. , , 

ClinicaUA^, the material has been used Avidely. Vaquez, Giroux, aiici 
Ejsthinios'* and Wollfe® have reported favorable results in the treat- 


*Presenteci in summary before tlie Fifty-Seventh Annua^ lileeting- of tl 
of American Physicians, Atlantic City, N. J., May a. IJi- York. 
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men! of an-ina pcn-loris. Tl.o European literature contains a consulcr- 
able volume of confirmatory clinical observations, but much ot tins is 
based on symptomatic relief of iU-defnicd clinical entities. 

■\Voin‘e and Dipilio" analyzed a series of 1(18 ])aticnts with b\j)cvtcn- 
siou who were treated with a similar iiaiicreatic (issue extract. lavss than 
8 per cent of the "roup showed any simiifieant lowcriii" of the systolic 
and diastolic blood pre.ssure after medication; more than (id per cent, 
however, showed symptomatic relief which jiersisted lor more than a 
year. Fisher, Duryec. and Wriphl.’" workin" with a carefully studied 
series of cases of clearly defined va.scular disea<(>, under controlled ex- 
perimental conditions, were able to .show that such ti.ssne extracts ma- 
terially prolontred the time rciiuircd for the on.scl of chindicat ion wlicn 
the patients were subjected to standardized ])hysieal c-xcrlion, 

Duriii" the course of the la.st few yeai-s the original methods for the 
extraction and isolation of the active iirineiple have been so improved 
that a hi"hly potent, .stable tirciiaration has been made available.'* 'Diis 
material, which will bo described in detail elsewhens” was jncjmrcd by 
a modification of the procc.ss u.sed by W’erle and I'rhalin,’- and contains 
approximately .la, 000 units tier "ram. Lyo])hilizcd ])rc)iarations lost 
no activity after hciiitJ kept at 87'’ (h for a ticriod of two hundred 
seventy days. 


Fincly-jrround, frcsli or frcizcn 1 i(>k I'aiwrcus is suspended in ivntcr, flic jilf of tlie 
inixfure is adjusted to S.O, and tlie mixture is dip-sted with tryp.-in at tlT' C. Tolu- 
ene is used as a jireservative. Tlu' trypsin destroys all the in>ulin in the susjieiision. 
The mixture is then ueidifu'd with Iriehlorai-etir aeid, and ammonium sulfate is 
added to onc-third of .“at unit ion. The insohihle rnnttiT, which eonsists of filirmis 
tissue, fill, undif'estod jiroteins. {jirimnry) proteoses, tiiid tryjisin, is reiilrifu>,'<'d 
off and discarded. Tlie clear, su[iern:itanl solulion is then hroucht to saturation 
with umnionium sidfate, tind the crude jireeipilale friniied Iheri-liy i.“ ccntiifiiaed 
oft'. (The saturated ammonium sulfate mother rKpior retains peptono.s, niiiitio 
acids, and any histamine or choline whii-h may lie present.) 'i'lie ernde luecipilate 
is then dialyzed under tiducne in eellophnno luhes ncainsi distilled wafer nnlil 
it is free of .sulfate (dialysis effeels the removal of ammonium sulfate and of jinv 
histamine or choline wliicli may have lieeii adsorhed on. or ineluded witii, the enide 
precipitate). Tlie water is finally removed hy the Xiphnnoid procc.ss (dehydi.'ition of 
fro'/.en extriict under high vacuum). 

Standardization. — In our experience, neither the luocedmc of Clcy and Kistliinios'-’ 
nor that of Frey and Krauti is dcpendahle for the assay of the active princjule. 
In tlie first instance, (iie unit was considered that fiuanlily which, when injected 
intravenously into u -.0 kg. ralihil, caused a harely pereejitilile full in the lilood 
pressure; in tlie second instance, it was defined as that nmmint whieh caused an in- 
crease in the amplitude of cardiae, contrac.tion of one minute's duration. AVe en- 
countered sucli wide variations in potency with both of tlie.se methods of biologic 
assay tliat wc felt the need of devising one wliieh would be more lelinhle. In our 
experience, tlie most dojiendable aiiiiiial for this procedure is the dog. Tlie unit, as 
wc define it, is that tpiantity of the active princijile wliich, when injected intra- 
venously into an atropinized dog under sodium btirbilal aiieslhesia, will exiicflv 
countera ct the pressor cfTcct of a minimal hypertensive dose of e|iinopliiine. , Since 


icat Companyf lntTRenfe-ehm^^ AVbithro,, Ciiom- 
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Clogs under comparable conditions vary widely in their vasonmtor response to cpinonh- 
iine, this minimal hypertensive dose must be eslablislied for each animal. We have 
found that the required amount varies between 15 and 50 micrograms for do-s of 
10 to 15 kg., although the dose is not proportional to tlie weight. It shouhral^o 
be pointed out that this minimal hypertensive close varies with the tone of the vaso- 
motor system. Large or repeated doses of the tissue extract depre.ss the tone of* the 
peripheral vasomotor .system, as indicated by alteration of the threshold dosage of 
epinephrine. Successive doses of one or more units of this extract should therefore 
be spaced at intervals of at least fifteen minutes in order to allow for recoverv. 
In practice, this factor is largely corrected by- allowing a sufficient period to elap.^o 
so that the thre-shold for normal epinephrine responses (indicative of a normal 
autonomic equilibrium) is re-established. Three animals are used for each assay. 
The standard unit may be defined as that quantity of the extract which will 
neutralize the pressor effects of 30 micrograms of epinephrine. 


EXPERIMENTAL OBSERVATIONS 

1. Bogs. All observations were made on atropinized dogs under .sodium 
barbital anesthesia. The intravenous administration of the active prin- 
ciple in small doses (1 to 2 units) produces a tramsient fall in tlie blood 
pressure, of the order of 30 to 45 mm. Tig, wliieli persists for about 
ten minutes. This fall in blood pressure is accompanied by a marked 
increase in pulse pre.ssure, and, as indicated by Greene,’-’ this effect is 
associated with marked coronar.y dilation. Using a constant temperature 
plethysmograph and a photoelectric recording system, which are de- 
scribed in detail below, we have been able to demonstrate that the initial 
fall in blood pre.s3ure is accompanied by a marked increase in liwb 
volume, and that tliis increased volume is still evident long after the 
initial blood pre.ssure level is i-e-esta Wished. A sharp fall in blood 
pressure follows tlie intravenous administration of 2 units of the active 
principle, and with this there is an increase in pulse pressure (Pig. !)■ 
This occurs immediately after administration; the normal level is re- 
established within nine minutes. Below this there is a simultaneous 
record of the changes in limb volume. The first part of this record .shows 
the normal volume; the second portion of the record .starts at the time 
of injection, and shows the increa.sed volume associated with the fall 
in blood pressure. This increased volume persists long after the blood 
pressure has returned to its normal level; the third portion of the record, 
which was made fifty minutes after the injection, shows that the poi-iph- 
eral dilatation is still present. 

When the active principle is administered intramuscularly, there i.s 
no appreciable effect on the blood pressure. Giving doses as large as 80 
units to a 15 kg. dog produced no fall in blood pre.s.sure over a period 
of seventy-five minutes. However, such do.scs produced a persistent 
increase in limb volume. Fig. 2 shows this clearly. The mtramuseu ai 
administration of 20 units of the active principle failed to produce au.v 
demonstrable change in the blood pressure of a lightly anestheliMc 
dog. The injection, however, was associated with a jn-ompt increase m 
limb volume which persisted for a period well in excess of thirty mmu e.s. 
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5. Isolated Smooth ilfRseZe.— Using the isolated rabbit ileum in oxy- 
genated Kinger-Locke solution, we have lieen able to sliow that tlie ad- 
dition of the active principle to the bath will produce relaxation, as in- 
dicated by a diminution in the tonus of the preparation. Neither the 
rate nor the amplitude of contractions is materially altered, but a re- 
versible inhibition of tonus is demonstrable when 5 units are added to a 
50 c.c. bath. Kemoving the active principle from the bath immediately 
causes restoration of normal tonus (Fig. 3). 
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Fig. 3. 



A1 PAKATUS FOR STUDIES ON MAN 

The plethysmograph (Pig. 4) is a modification of that doserihed bv Fmo 
and by Abramson and Ids colleagues.^ n consists 0^0 i ? 

open at one end. The open end if .sealed ,“0^0 it " ’'^ted chamber, 

1 siiu Jb .soaieu nith a latex rubber membrane, tlie central 
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portion of ^vMch is n,ade of the cuff of a surgical rubber glove. The forearm i. 
introduced into the chamber through the rubber cuff, and the hand rest, on a 
^ecially designed sponge rubber support within the chamber. The cuff of the -love 
fits snugly about the shin of the forearm at the junction of its middle and dhtal 
thirds, fonning an air-tight seal. A heavy cardboard gasket, cut to conform to the 
forearm, is fitted over the outer surface of the membrane. This gasket is kept in 
place by two shaped sheets of metal which are fastened to the outer aspect of the 
chamber. Three additional openings into the chamber allow for (1) a rubber hose 
connection to the recording equipment, (2) a calibrating burette, and (.3) a ther- 
mometer. "Water at 32° C. from a constant temperature bath is circulated through 
the outer jacket by means of a small, heavy-duty pump. 

The recording device, which was described by Martin, Marcellus, and Sykoivski,i 5 
consists essentially of a small rubber diaphragm which transmits volume changes 
from the chamber to a small mirror, hinged on its longitudinal axis. A beam of 
light plays on the mirror and is reflected into one of two photosensitive cells. These 
photosensitive cells, in turn, activate a moving pen which records on a calibrated 
strip of paper moved by a synchronous motor. 

Skin temperature records were made by means of a specially designed chromel- 
niehron thermocouple^ which had an area of 0.2.5 cm.2 and a sensitivity of 0.200 
to 0.212 millivolts per degree Fahrenheit, in the temperature range in which ivc 
were interested (Fig. 4). 

All skin temperatures were taken immediately pro:dmal to the nail bed on the 
dorsum of the fourth finger. “Cold” responses were elicited by placing the hand 
in water at 5° C. for a period of thirty seconds. 


3. Normal Rmnan Controls . — Sixteen persons were examined. These 
included ten laboratory workers and six patients who were convalescing 
from acute infectious disea.ses. The subject was placed in a comfortable 
supine position and the forearm adjusted in the plethysmograph. After 
an interval of thirty minutes, which allowed for the establishment of 
basal conditions, and during which time the instruments were calibrated, 
the record was started. Skin temperature readings were taken at peri- 
odic intei’vals throughout the course of the entire experiment. 

Nonnal or .spontaneous volume fluctuations, .such as those de.scribed 
by Abramson and Katzenstein,*' caused by spontaneous alterations in 
the caliber of the venous bed, occuiTed in a few isolated instances. Usu- 
ally there were a iirimary rhythmicity associated with re.spiratory move- 
ments and a superimposed secondary rhv’lhm Avhich showed volume 
fluctuations of the same order as tho-se observed during the re.spiratoi,' 
cycle. The application of the standardized cold stimulus gave I'ise fo 
an immediate diminution in hand volume ; the latter returned to its 
base level Avithin three minutes after the stimulus Avas ^sithdla^^n. I ic- 
6 shows a tA-pical cold-pressor response; the diminution in hand volume 
of 5 c.c. is indicated by a rise of the AATiting point, and the subsequent, 
prompt return of hand A'olume to its original level is shoA\m b.A a fa . 
The intramuscular administration of physiologic saline solution or o 
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liver extract produced a similar dimimitioii in hand volume in approx- 
imately 20 per cent of this normal "ronp. Tliis vc attributed to 
psychogenic factors resulting from the introdiietion oi a liy])odcrmic 
needle into hypersensitive persons. In the majority ol the subjects 
the administration of the saline or liver extract gave rise to no peri]iheral 
volume change. In no instance did the administration ot a jilaccbo 
give rise to an increase in limb volume or any alteration in the intensity 
of the response to the standard cold stimulus. 

The intramuscular administration of 10 units of the active panci-eatic 
extract in 1.0 c.c. of physiologic saline solution rarely elicits any local 
reaction. Those persons -who .showed a transient diminution in limb 
volume after the administration of saline or liver extract usually showed 
the same diminution after the injection of the active principle. All 
normal subjects ultimately showed a marked increase in limb volume, 
associated with an elevation of skin tcmpeinturc, after the injection of 
.such doses. The maximal effect was reached within fifteen minutes of 
administration and continued throughout the entii-c ])criod of ob.serva- 
tion (ca. two hours). The average volume increa.se was 12 c.c., and the 
average temperature elevation, 5° F. hlore striking than the increase 
in limb volume was the modification of the response to the cold stimulus. 
In 68 per cent of this normal group the re.sponse to Die cold stimulus 
was entirely aboli.shed, whereas the remainder showed a marlced diminu- 
tion in the intensity and duration of the response. The.sc results are 
illustrated graphically in Fig. 5, which .shows the mean resjionse to the 
cold stimulus before and after the administration of the active prin- 
ciple. 



FiK. 5. 


d.Periphevul Arterial Disease . — A series of tAventy-one jiatients ivith 
established or suspected peripheral arterial disease Avere examined and 
ti-eated Avith the active principle according to the scheme outlined above 
These included cases of e.stablished Raynaud’s disease, Buerger’s dis- 
ease, arteriosclerosis wiBi hypertension, thrombophlebitis, and selero- 
• erma. The majority of those Avho comprised this group differed from 
the normal subjects in so far as their response to the standard cold 
was- concerned. Aa waa pointed ont above, the normal per.Lt 
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required approximatelj^ three minutes after the withdrawal of the cold 
stimulus for the re-establishment of the basal volume level. This group 
required more than ten minutes for the re-establishment of this level. 



Fig. 6. 


’ ' ; t . i ; I KA TwnP'i Hg - 




iAa'a-a' V’A y.VT'-rX \ 

Co\cl ^rctS^*" 


IMKCrTRKr ........ i ■*' ; 

.(isumrs.ihO. - ■ • , • . J 

.rl-v V i \ \'\ ‘\ V 

u:ve.»- £ift. 5 a. 






I"-? ■!•: 

■ -f t- ; : A 1-; 

tifl ^ • - 1 

• Cao^issoRRiwet ’* ^ 




. PrcS<«f 


i ' i 1/’ Fie^uve.T 

^^nauk'A Dv4ea5«- • Conti.»l u»l^ Ulotjr e>t. 


Fig. 7. 


Patients 


suffering from peripheral vascular disease 


into two groups: (a) those with a spastic 

(b) those with a normal response. All of our patients 

Eajmaud’s disease (Fig. 6) fell in the first group. ns 
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spasticity may i)e encountcreil also in Buci'ficr s disc'asc, even tliou'tili 
tile pi’iniavy lesion is an oblilevative aniiiilis, and it nia.\ be an added 
factoi' in the symptomatology of the disease. \Ve have not seen the 
spastic type of response in hypertensive arteriosclerotic patients, hut 
have enconntered it in eases of thromhoplilehitis and scleroderma. We 
have also found it in three cases which could not he fitted into any 
clearly delineated clinical entity, hut the patients' clinical manifesta- 
tions were sufiiciently siijri^estivc of ])eripheral arterial disease to war- 
rant serious consideration of this po.ssihility (Cases o, i), 11). 
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The .spa.stie type of response was modified by the administration of 
10 units of tile active principle, .so that it a])proximated tJio resjion.se 
of the normal person after medication (Fi-r. G). This was associated 
with an increase in limb volume, elevation of the skin temperature and 
in most instances, symptomatic relief. Such persons, when «ivcn a 
placebo (intramuscular in.iection of Lh U.S.P. units of liver e.vtfact) 
failed to show any of the change.s enumerated above (Fifr. 7) The* 
mean values for the cold-pre.s.sor response in this group of patients have 
lieen ascertained, and arc shown in graphic form in l^ig. S. Tlie conver 
Sion of this spastic type of volume cliange to the normal pattern after 
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the intramusenlar administration of 10 units of the active princinle is 
also recorded. 

With the exception of the two patients with hypertension and arterio- 
sclerosis and one with Buerger’s disease, tlie entire group showed in- 
creased peripheral volume and an elevation of the skin temperature. 
The maximal effect appeared about fifteen minutes after medication and 
persisted throughout the entire period of observation. Symptomatic 
relief lasted from twenty -four to seventy-two hours (Fig. 9). 

The details of our observations on a series of patients witli periplieral 
\mseular disease are presented. 

Case 1. — Miss H. 0., aged 30 years. Eaynaud’s disease. 

Thoracic preganglionic (T-2, 3) sympathectomy performed six months prior to 
examination because of gangrenous changes in the finger tips, followed by improve- 
ment. 

No vasoconstriction as a result of the application of cold. Ten units of tissue 
extract produced a slight elevation of skin temperature (2° F.) and slight peripheral 
vasodilatation (6 c.c.). No peripheral vasodilatation or elevation of skin tem- 
perature resulted from the administration of a saline placebo. There has been 
no return of symptoms. This patient was apparently completely cured by surgical 
measures. 


Case 2. — Mrs. J. M., aged 54 j'ears. Baynaud ’s disease. 

Classical Raynaud’s symptom complex which had persisted for fifteen years and 
had shouTi marked exacerbation during the preceding two years. Pain of a sharp, 
lancinating character, in addition to a dull ache. 

Spastic response to cold stimulation. Ten units of tissue extract produced a 6’ 
P. elevation of skin temperature and marked (12 c.c.) peripheral vasodilatation. 
This was associated with immediate symptomatic relief. 

Subsequent medication with a saline placebo produced no vasodilatation, no eleva- 
tion of skin temperature, and no symptomatic relief. 

Twenty units of tissue extract produced symptomatic relief for 48 to 72 liour.>!. 
Patient has been symptom-free for six months. 


Case 3. — Miss S. P., aged 18 years. Early Raynaud 's disease. 

Complained of pain in hands and forearms of three years’ duration, brought on 
by exposure to cold ; pain was associated with color changes. 

Plethysmographic examination showed spastic reaction to cold stimulation. The 
administration of 10 units of tissue extract abolished the spastic reaction and was 
associated with a 4° F. elevation in skin temperature and peripheral vasodilatation 
(10 c.c.). Complete symptomatic relief. 

Subsequent examination showed no change, no vasospasticity, no elevation m 
skin temperature, and no peripheral vasodilatation after the administration of a 

placebo (liver extract). _ 

Patient received 10-unit doses of tissue extract at three-day intervals, and t us 
controlled the symptoms. She became free of symptoms with the advent of n.irnicr 
weather, and treatment was discontinued. 


Case 4.— Mrs. A. H. S., aged 64 years. Baynaud ’s disease. 

Characteristic symptom complex, including bilateral pain and color ^ 
in hands and feet after exposure to cold. Symptoms had persisted for taenij- 
five years and had become markedly worse in the preceding two years. 

Plethysmographic examination .showed characteristic spastic ° 

which was abolished by the administration of 10 units of tissue extra . 
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associated with a 6° F. elevation in skin temperature and marked peripheral vaso- 
dilatation (12 C.C.). There was also complete symptomatic relief which persisted 
for forty-eight hours. 

Subsequent administration of a placebo produced neither subjective nor objective 
changes. 

At the present time the patient receives one dose of 20 units per week, which has 
maintained symptomatic relief for a period of six months. 

Case 5.— Miss J. K., aged 21 years. Early Raynaud’s disease (?). 

Complained of shooting pain in the right hand, with spread to the shoulder. 
This was precipitated by exposure to cold and was not associated with color changes. 

Plethysmographic examination showed a slight spastic reaction. The administra- 
tion of 10 units of tissue extract abolished the spastic response, and produced a 
6° P. elevation of skin temperature and definite (10 c.c.) peripheral vasodilatation. 
There was complete subjective relief for a period of twenty-four hours. 

Subsequent administration of a placebo produced no objective changes, but was 
followed by complete symptomatic relief which persisted for approximately twenty- 
four hours. 

Treatment was discontinued. 

Case 6. — Miss J. Van A., aged 27 year.s. Raynaud’s disease (?). 

Complained of pain in the right hand and forearm, of two years’ duration, 
precipitated by cold. No color changes. Markedly spastic type of response to ex- 
posure to cold; the injection of 10 units of tissue extract abolished the spastic re- 
sponse and produced a 6° P. elevation of skin temperature and marked peripheral 
vasodilatation (12 c.c.). There was partial symptomatic relief. 

The administration of a placebo produced no objective changes, but gave symp- 
tomatic relief. 

Patient was not followed. 

Case 7. — Mrs. K. S., aged 40 years. Raynaud’s disease. 

Classical picture, with pain, color changes, and pregangrenous trophic changes 
about the finger tips. Pronounced spastic response to cold which was abolished by 
the administration of 10 units of tissue extract. This was associated with marked 
peripheral vasodilatation (10 c.c.) and elevation of skin temperature (4° P.). There 
was complete s 3 'mptoniatic relief for forty-eight hours. 

The administration of a placebo produced no objective changes or symptomatic 
relief. 

Six months later the patient was receiving approximate!}^ 40 units per week in 
divided doses and was symptom-free. 

Case 8. — Mr. J. B., aged 51 years. Buerger’s disease. 

Thromboangiitis obliterans demonstrated histologically. Mid-thigh amputation 
of left leg for gangrenous change of left foot performed eight months earlier. 
At the same time, the distal phalanges of the fourth and fifth fingers of the left 
hand and fifth finger of the right hand were amputated. 

Patient had a foul-smelling, discharging ulcer on the internal malleolus of the 
right foot. This was surrounded by a cyanotic, edematous zone, and the edema 
involved the entire lower third of the leg. 

Plethysmographic examination showed a markedly spastic response to cold stimu- 
lation; this was abolished by the administration of 10 units of the tissue extract; 
and, in addition, an elevation of the skin temperature (7° P.), marked peripheral 
vasodilatation (IS c.c.), and complete relief of symptoms occurred. 

The administration of a placebo produced no objective changes and had no in- 
fluence on the symptoms. 



498 


AMERICAN HEART JOURNAL 


The intramuscular injection of tissue extract at 4S-liour intervals (20 iniitsi 
resulted in complete symptoniatie relief and marked improvement in the condition 
of the ulcer. By the end of the third week the cyanosis and edema had disappeared 
and the ulcer presented a clean, granulating surface. No adjuvant therapy was 
employed in this case, and objective, as well as subjective, improvement occurred 
without rest in bed. 


Case 9. — Mr. J. G., aged 51 years. Buerger’s disease (?). 

Pain in the left leg of two years’ duration. Brawny swelling involving the foot, 
the ankle, and the lower portion of the leg, with an area of exquisite tenderne.ss over 
the femoral vein in the inguinal region. The popliteal, posterior tibial, and dorsalis 
pedis pulses on the left could not be palpated. No history of diabetes, hypertension, 
or syphilis. 

Plethysmographic examination showed a markedly spastic response to cold stimu- 
lation which disappeared after the administration of 10 units of the tissue extract. 
This was associated with a slight (4° P.) elevation of skin temperatuin and .sliglit 
(5 c.c.) peripheral vasodilatation. There wms no symptomatic relief. 

No objective or subjective changes were produced by the administration of a 
placebo. Patient was not followed. 


Case 10. — Mr. J. B., aged 53 years. Buerger’s disease. 

Symptoms had been present for twenty-four years. During the preceding two 
years, trophic ulcers developed between the toes of the righ.t foot and did not re- 
spond to medication. The popliteal and dorsalis pedis pulses could barely be felt. 
Exposure to cold produced a typical spastic response w’hich was abolished by the 
administration of 10 units of tissue extract. 

This was associated with a 0° F. elevation of skin temperature, marked peripheral 
vasodilatation (13 c.c.), and complete symptomatic relief. 

No objective or subjective changes occurred after the administration of a placebo. 

Six months after the beginning of treatment the patient was symptom-free on 
30 to 60 units of tissue extract per week, and the trophic ulcers had disappeared. 


Case 11. — Mr. J. 0., aged 55 years. Buerger’s disease (?). 

Patient complained of intermittent claudication of the right leg, with a con- 
stant, gnawing pain in both feet, of three years’ duration. Tw'elve years be- 
fore, after exposure to intense cold, the first and second toes of the right foot were 
frostbitten, and amputation was performed. There was no history of hypertension 
or other chronic disease. 

The dorsalis pedis and popliteal pulses could not be palpated on the right. He 
gave a spastic response to cold stimulation wliich was abolished by the administra- 
tion of 10 units of tissue extract. This was associated with a slight (3° F.) eleva- 
tion of skin temperature and slight (7 c.c.) peripheral vasodilatation. There was 
partial symptomatic relief. 

Three w'eeks after the original examination the patient responded normally to 
cold stimulation, and the administration of a tissue extract had no significant ob- 
jective or subjective effect. Subsequently there was progression of the periphera 
arterial lesions. 


Case 12.— Mr. J. A., aged 35 years. Buerger’s disease. 

Thromboangiitis obliterans demonstrated histologically. Four weeks 
examination, mid-thigh amputation was performed because of "S:';enous c m g_s 
in the left foot. The amputation stump was healing poorly, and pain am 

changes appeared in the other foot. stiimi- 

Plethysmographic examination showed a markedly spastic reaction ‘ _ 

ktion abolisLeil by tUe artminWrnlion of 10 on.l. «t ■ 
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This ;vas associated with a marked (S“ F.) elevation of skin temperature, an in- 
crease in periplieral volume (IG c.c.), anti complete symptomatic relief. ^ 

Tlie patient received 10 units of the extract daily during the three-week period 
of hospitalization, and was free from symptoms. The amputation stump healed 
rapidly. 

Case 13.— Mr. F. AL, aged 48 years. Buerger’s disease. 

Thromboangiitis obliterans demonstrated histologically. .Symptom.^ poi.'-isted foi 
three Years. Fifteen months before, mid-thigh amputation was pcrforinod because 
of gangrenous changes in the right foot. He complained of intermittent claudication 
on the left side, the nail beds were cyanotic, and trophic changes were present. 
The dorsalis pedis pulse could be palpated with difficulty. 

Examination showed a normal response to cold stimulation which was not aiTccted 
by the administration of 10 units of the tissue extract. There were no objective 
changes. 

Subsequently, the administration of ?.0 units of the tissue extract failed to alter 
the peripheral circulation or to affect the symptoms. 

Case 14. — Air. AI. T., aged 40 years. Buerger’s disease. 

Intermittent claudication and trophic changes in the left foot for a period of 
eight months. Botli popliteal pulses were palpable, but the dorsalis pedis and 
posterior tibial on the left were not. 

Examination showed a markedly spastic response to cold stimulation which could 
be abolished by the administration of 10 units of ti.ssue extract. Thi.s was associated 
with an elevation (8° F.) of skin temperature, peripheral vasodilatation (12 c.c.), 
and symptomatic relief. 

Subsequent examination sliowed noil her objective nor subjective changes after 
the administration of a placebo. The patient was given 40 units of tis.suo c.xtract 
per week, which kept him asymptomatic for tliree weeks, or until the arrival of wann 
weather. 


Case 15. — Air. .1. G., aged 5G ycar.s. Arteriosclcro.sis with claudication. 

Complained of a “dead feeling” and pain in both legs for a period of two 
j-ears. Tlie patient was a diabetic, but the disease was kept under control without 
insulin. 

He gave a .spastic response to cold .stimulation, whicli was abolished b3- the ad- 
ministration of 10 units of tissue extract. This was associated with a 4° F. eleva- 
tion of skin temperature and slight (G c.c.) peripheral vasodilatation. Tlic patient 
remained symptom-free for twenty-four hours. 

A placebo produced neitlier subjective nor objective cl)ange.s. 

The subsequent administration of 10 to 30 units of tissue extract gave vary-ing 
results; at times symptomatic relief was obtained, and, nt other timc.s, tlioro was 
no effect. Treatment was discontinued. 


Case l(i.— Mrs. H. AV., aged 47 years. Arteriosclerosis, marked hypertension with 
arteriosclerotic changc.s, diabetes, and nephrosclerosis. 

Complained of pain in both legs on exertion. Normal response to cold stimu- 
lation. The administration of 20 units of tis.suD extract produced no demonstrable 
euect oTv symptoms, skin temperature, or limb volume. 


Case 17.-Mr. J. B., aged 50 years. Arteriosclerosis, hypertension witli marked 
arteriosclerotic changes. 

“ exercising and a persistent, nonhealing trophic ulcer on 


Plethysmographic examination showed a normal response to 
Tlie administration of 20 units of tissue extract produced no 
jective changes. 


cold stimulation, 
subjective or ob- 
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Case 18. Mrs. D. Z., aged 66 years. Scleroderma. 

Marked scleroderma, verified by biopsy. 

Pletbysmographic examination showed a markedly spastic response to cold stimu- 
lation which was abolished by the intramuscular administration of 10 units of tis.sue 
extract; this was associated with slight peripheral dilatation (7 c.e.) and partial 
symptomatic relief. Skin temperature was not recorded. 

Subsequently, the administration of 10 units per day gave tlie patient considerable 
symptomatic relief. 

Case 19. — ^Mrs. L. D., aged 69 years. Thrombophlebitis. 

Acute thromboplilebitis involving femoral vein. The right leg was swollen, brawny, 
and exquisitely tender. 

There was a markedly spastic response to cold stimulation which was abolished 
by the administration of 10 units of tissue extract. Slight (6 c.c.) peripheral vaso- 
dilatation was associated with questionable symptomatic relief. Skin temperature 
was not recorded. 

Case 20. — Mr. L, P., aged 33 years. Orthopedic disorder (foot strain). 

Complained of acute pain in tlie feet, extending from the soles up to the calves. 
The pain bore no relation to environmental temperature; it occurred when the pa- 
tient stood in one place for any length of time. The iiain could be relieved by active 
or passive exercises. 

No signs of organic arterial disease. Normal response to cold stimulation. The 
administration of 10 units of tissue extract produced a slight (2° P.) elevation 
of skin temperature, slight (8 c.c.) peripheral vasodilatation, and no effect on the 
symptoms. 

Case 21. — Mrs. F. G., aged 37 years, Tlirombophlebitis. 

Acute thrombophlebitis eigliteen months prior to examination. Trophic ulcer on 
the shin of the left leg. Patient complained of pain on exercise. 

Normal response to cold stimulation. The administration of 10 units of tissue 
extract produced a slight (1° F.) elevation of skin temperature and slight (0 c.c.) 
peripheral vasodilatation. There was no effect upon the symptoms. 

SUMMARY 

Table I summarizes the results of treatment with the extract in the 
twenty-one cases of peripheral arterial disease. It will be noted that 
there were fifteen instances in which the response to cold was of the 
spastic type. These patients reacted especially well to the extract; all 
of them showed significant increases in limb volume and rises in skin 
temperature. Sjnuptomatic relief was complete in eight cases and par- 
tial in four. The three patients in the “spastic group" who failed to 
benefit sjnnptomatically from administration of the extract had 
Buerger’s disease (Cases 9 and 11) or thrombophlebitis (Case 19). 
patients in the series of twenty-one subjects gave a normal response to 
cold stimulation, i.e., they showed no evidence of va.sospasm. None oi 
these patients received any benefit from injections of the panciea ic 
extract. In Case 1 the patient’s Raynaud’s disease was asympfoma ic 
as a result of preganglionic sympathectomy. The operation Inic eu- 
dently completely abolished the abnormal respomse to cold. Case t 
one of advanced Buerger’s disease. Cases 16 and 17 were 
arteriosclerosis, Case 20 was one of foot strain with no 
cular disease, and Case 21 .was one of thrombophlebitis tvith vlm.iUo . 
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CONCLUSIONS 

We have presented objective proof of the physiologic activity of a 
new and protent pancreatic extract. When used on animals and on 
normal human controls it has been shown to cause peripheral vasodila- 
tation in the limbs, as measured by an increase in volume and a rise in 
temperature. This extract has a most beneficial symptomatic effect upon 
nearly all patients with peripheral vascular disease when vasospasm is 
a prominent feature. Relief has been obtained for periods of one to six 
months with administration at intervals of two to seven days. 



Fig. 10. 


ADDENDTOI 

Since this investigation was completed we have had the 
of studjdng and treating a most unusual patient. j 

hospital number 96038, was admitted to the 

1942. She gave a history of long-standing lo‘ Twelve 

marked ulceration over the feet and ankles, as shown Fv 1 • 
years previously she had a lumbar sjnnpatheetomy at anothe 
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vnt\\ temporary relief of pain for about two years. For tbe preceding 
two years sbe had been liedridden, and dependent on narcotics for re- 
lief of pain. With the plethysmograpliic technique it was found that 
the patient showed marked vasospasm. The immediate response to tissue 
extract was feeble, and very little hope of elinieal improvement was en- 
tertained. However, with doses of 20 units twice a week, plus the use 



Fig. 11. 

of snlfanilamide-sulfatliiazolc powder, a dramatic re.sponse was obtained. 
The pain had disappeared at the end of two wcelvs, and liealing had lie- 
gun. October 17 healing ivas complete, as shown in Pig. 11. 
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PERICARDIAL EFFUSION IN ]\tYXEDEiMA 

Gkokgk T. Harrkll, Winstox-Salkm, N. C., and 
Christopher Johxstox, Durham, N. C. 

E ffusion into the pencardium and oilier serous cavities is a com- 
plication of myxedema on which few data are available. Zondek’ 
first described myxedema heart disease as a clinical entity, and Cordon- 
first proved that pericardial effusion might account for at least part of 
the apparent cardiac enlargement. The occurrence of serous effusions 
was noted at autopsy in cases of myxedema as early as ISSS.’’ Tatunv* 
and Coldberg'"’ reproduced jicricardial effusion in tbyroidectoinizcd .sheep 
and goat.s. Freeman*'’ reported the first thoroughly de.seribed case oi, 
massive pericardial effusion in myxedema. Since his reiiort, other in- 
stances have been recorded.’' *' Although the case described by ^Merrill” 
resembled myxedema clinically, the basal metabolic rate was elevated. 
In the case reported by Cams and Lee,’" the presence of ])ericardial 
fluid was not demonstrated by aspiration. Two patients with untreated 
myxedema wbo came to autopsy at the Massachusetts General Hosiiital 
had pericardial effusion, although one was small in amount.” Often the 
picture is complicated by the development of arterio.sclerosis, e.specially 
in the coronary arteries, if the myxedema remains untreated for a period 
of years. 

The following two cases, in both of Avhich there was undei'lying arterio- 
sclerotic heart disease, add a few data, including the fir.st quantitative 
studies on the cholc.sterol content of the pericardial fluid, and arc in- 
teresting because of the variation in response to the administration of 
thyroid substance. 

Case 1. — A oS-year-old, white, farm Iiousewifc, was admitted to Duke Ho.«pital 
October 1, lf).38, complaining of weakness, intermittent swelling of tlie abdomen, and 
slight dyspnea, of eighteen months’ duration. The feet were alway.s cold. 

The patient was pale, undernourished, breathing quietly, and not orthopneic. 
Speech was slow and tiie voice was Iioarse. The tongue showed no papillary atrophy. 
The skin wa.s drj’ and thickened. The breath sounds at the bases of the lungs were 
distant. The heart was enlarged, the precordium quiet, tlie late slow, and the 
sounds distant ; the blood pressure was 120/80, The abdomen was rounded, .shifting 
dullness was present, and the liver extended S cm. below the costal margin. Pitting 
edema was present over the sacrum, but not over the legs. 

The hemoglobin was 10.9 Gm., the erythrocytes numbered 2,000,000, the color index 
was 1.3, and the mean corpuscular volume was 140 cubic micra. The urine contained 
no albumin. Gastric analysis shoAved 04 degrees of free HCl after the injection of 
histamine. The total serum protein was 0.4 per cent, with albumin 3.0 per cent, and 
globulin 2.8 per cent; the cholesterol was 330 mg. per cent. The basal metabolic 
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rate was minus 31 per cent. The oral glucose tolerance test revealed a flat curve. 
Fluoroscopic examination indicated pericardial and bilateral pleural effusion (Fig. 1 ). 

On the fourth hospital day, fluid was removed from the peritoneal and pleural 
cavities for diagnosis; 125 c.c. were removed from the pericardium, and 25 c.c. of air 
were injected. After this the venous pressure fell from 300 to 135 mm. of water, the 
electrocardiogram showed an increase in voltage, and the blood pressure rose to 
130/80, but no subjective improvement was noted. After one day on G4 rag. 
of desiccated thyroid gland, without diuretics or digitalis, a dramatic diuresis began, 
reaching a peak of 2,300 c.c. after four days of treatment wth the same dose; the 
free fluid soon disappeared from the serous cavities. The total protein content of (he 
pericardial fluid was 4.9 per cent, of the pleural fluid, 2.9 per cent, and of the peri- 
toneal fluid, 2.4 per cent. 

The patient took desiccated thyroid irregularly until April, 1941, when nicotinic 
acid tablets were substituted. She was readmitted May 14, 1941, at which time she 


A. 


B. 



c 

^ , ATTBsive nericardial and small pleural effusion, before t - 

fef 

herap>% after failure to impro\e on digitali... 
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was ortlvopneic, and liad physical and roentgenologic evidence of fluid in all the 
serous cavities (Fig. 2), peripheral edema, and signs of myxedema. 
was 13 Gm., the erythrocytes numbered 4,400,000, the color inde.v wa.s O.Oo, the mean 
corpuscular volume, 97.7 cubic miera, the basal metabolic, rate, minus 3o per cent, 
the vital capacity, GOO c.c., the venous pressure, 190 mm. of wa or, and the seru i 
cholesterol, 270 mg. per cent; the serum proteins xi-erc 5.0 per cent vvith albumin 2.i 
per cent and globulin 2.3 per cent, and the circulation time ivas 19 seconds bj the 
calcium gluconate method. The urine contained no albumin. The pericardial fluid 
contained 4.3 per cent of total protein and 92 mg. per cent of eliolesterol. 



Fig. 2. — Case 1. A, Roentgenkymograph when patient was on irregular closes of 
thyroid, showing absence of pulsations over the lower third of the heart and good 
pulsations over the great vessels, indicating recurrence of small pericardial effusion 
without impairment of ventricular contraction. B, Recurrence of massive pericardial 
and small pleural effusion after complete withdrawal of thyroid therapy, the small 
pulsations over the great vessels indicate feeble ventricular contractions. 

After rest in bed, restriction of fluids, and complete digitalization produced no 
response, 64 mg. of thyroid substance were administered daily, with a marked diuresis 
of 2,700 c.c. on the second day and a weiglit loss of 3 kg. in two days. On the eleventh 
and sixteenth days the thyroid dosage was increased^ with the result that there was 
a second and third diuresis, each lasting three days. The edema, serous ctfusions, 
mental sluggishness, and coolness and thickening of the skin disappeared. 

Case 2. — A G2-year-oId white fanner was admitted to the Duke Hospital Septem- 
ber 13, 1939, complaining of orthopnea and edema of one month’s duration. He had 
been seen in 1932, 1934, and 1937, when he had pellagra, anemia, and hypothyroidism, 
and had always responded promptly to therapy with dssieeated thyroid, iron, and 
yeast. 

Tlie patient presented the classic appearance of myxedema. Signs 'of fluid were 
present at tlie bases of both lungs. The supracardiac dullness was greatly increased 
(Fig. 3), and the heart sounds were barely audible; the blood pressure was 168/114. 
Tlie abdomen was distended and tympanitic, and the liver was enlarged. Pitting 
edema was present below the knees. The .skin over the hands and feet was rou<rh 
dry, red, and scaling. “ ’ 

The hemoglobin was 9 Gm., the erythrocytes, numbered 3,100,000, the basal 
metabolic rate was minus 39 per cent, the serum proteins were 6.4 per cent, with 
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albumin 3.3 per cent and globulin 3.1 per cent, and tlie cliole.sterol was 155 mp. 
per cent. The urine contained a small amount (1+) of albumin. Fluid aspirated 
from the pericardium contained 5.7 per cent of protein, but also 9,000 erj-throcytes 
per c.mm., probably as ,the result of trauma. After receiving 100 mg. of thiamin 
chloride daily, intravenously, for four days without diuresis, the administration of 
thyroid substance was started, but the expected improvement did not occur. After 
subsequent digitalization, the edema and pleural and pericardial effusion disappeared, 
but some evidence of ascites remained. 

At home he discontinued medication, and returned in October, 1940, with classic 
myxedema, but with serous effusion only in the right pleural sac. The skin lesions 
of pellagra had recurred. 



B. 

A* 

Fig 3 Case 2. A, Pericardial effusion vRa^min therapy. 

placement with air. l^efore thyroid adrninmtratm^^^^ therapy was discontinued. 

B, Smhll recurrent Pleural effusion on nehtaiier 
and clinical signs of myxedema had returned. 


The .«.obin 0.6 Gn... «,e 

i„dc. >vas 1.2, the men corpuscular volume, 98 cu »c m.cra, and the W 
rate, minas 34 per cent. The urine e.nl.ined no all.umm ^ 

The pellagra responded promptly to nicolm.c ned, and the n.jned 
substance. He received no digitalis. 


discussion 

Of these two instances of pericarciial effusion in 
myyedema, the first tvas imdoiiMcdly eartsed bj ^ 
fo'r the fluid disappeared uii^der ‘’'^“^^Xppear under digital 
after eomplete withdratval oi thyroid, "^Xmistration. The 
therapy, and did respond a sulistanec alone, 

effusion in the second case did no ^ratval of ih.vrohl 

but also required digitalis, and did "“t „„dcrlying 

and digitalis. In each of ‘ j„„agcd I.earl (Ca“ 

nr:": .,2: :e::.::.e, and ..,,0 second rcponse .1. 


Taiii.k 


I'l'.UlrAUJilA!. liriTSION IN MVNIIOKMA 


lIAlJHKMi aNI» .lOHNSTdX: 






































510 


AMERICAN' HEART JOURNAL 


the case Of the less severely damaged heart (Case 1) was not so dramatic 
as the first The amount of thyroid required to produce diuresis was 
smaU, which has been noted before. The possibility of berilieri licart 
disease in the second case was ruled out by a trial on adequate doses' of 
thiamin ; although no unquestioned instance of beriberi heart disease has 
ever been recognized in this clinic, the simultaneous occurrence of an- 
other vitamin deficiency state— pellagra—which is a rare happening 
according to Greene,^’ made this conceivable. 

Other interesting features presented by these cases, and probalily re- 
lated to associated deficiency states, were the hyperehromie, inaci'oeylic 
anemia, with free gastric HCl after histamine stimulation, and the low 
glucose tolerance eum^e which quickly became normal witli tliyroid 
therapy. Delayed relaxation of the tendon reflexes, fir.st observed in 
mi^edema by Chaney, was observed.^® 

The cholesterol content of the pericardial fluid was very imieli loss 
than that recorded in a ease of tuberculous “cholesterol pericarditis.’''-' 
No data on this point could be found in other cases of myxetleina. In 
our case the level was much lower than that of the blood. The protein 
content of the fluid was similar to that observed by others, and was uni- 
formly less than that of the blood serum. No explanation has ever boon 
offered for the presence of leucoe^-tes, often polymorphonuclears, in tlio 
pericardial fluid. The -fluids have been sterile on culture and guinea 
pig inoculation, except in the case of Merrill,® in which contamination 
was suspected. 

The absence of more than a trace of albumin in the urine would in- 
dicate that, if cardiac failure, per se, were responsible for the effusion, 
it was of such minor degree that renal engorgement ivas not pj'c.sonl; 


this might be a helpful differential point. 

The electrocardiograms shoAved an increase in A'oltage alter the ad- 
ministration of thyroid substance; no changes Avere noted Avhich AV(;uld 
indicate the presence or absence of pericardial fluid. 

The roentgenlvAunograms in Case 1 (Fig. 2) shoAved absence ol ])uls<i- 
tions over the lower third of the heart, Avith good pulsations over the 
great A^essels; they indicated no impairment of ventricular contraction. 
CA'en though pericardial effusion aaus deA'eloping after incomplete A\itli 
draAval of thj-i'oid therapy. The pulsations over the great vessels were 
greatly reduced after complete AA'ithdraAval of thyroid thei ap.A an t k 
deA'elopment of massive pericardial effusion. Study of additional fast.'' 
of myxedema heart by means of the roentgenkymograph, and perliap.s 
other methods, may produce eA'idence that muscular relaxation is im- 
paired in the A'entriele as Avell as in skeletal muscle. 


SU5DIARY 

Pericardial effusion is a rare complication ol myxedema heait 
The factors responsible are unknoAA'n, but myocardial laihnc is 1 ’^'’7 ' 
to be a minor one. The laboratory data in cases of pericardial efiu-sion 
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associated with niyxedcina have been tabulated. The iirotciii and choles- 
terol contents of the pericardial fluid are less tlian those of tlic blood. 
No adequate explanation has been offered for the occasional presence 
of leucocytes, especially polymorphonuclear leucocytes, in the fluid. 
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AORTIC ANEURYSM WITH RUPTURE INTO THE 
PULMONARY ARTERY 

Herbert J. Schattenberg,^ M.D, and WiLLmi H. Harris, Jr,! M.D. 

New Orleans, La. 

y\ NEURl SMS of the aorta are not nneommon, especially in eommuni- 
ties with a large Negro population. Rupture of such an aneurysm 
into the pulmonary artery, however, is sufficiently unusual and interest- 
ing to warrant special attention. It is of further interest that sucli a 
rupture is compatible with life for a varying period of time, and, in 
some instances, as in one of our eases, can be diagnosed ante mortem 
when there is a peculiar, continuous, “humming-top” murmur. Prob- 
ably the most recent ease report of this disease is that of White, Cliam- 
berlain, and Kelson.^ These authors state that there were about fifty 
eases on record before 1913, and that there have been about a dozen 
reports in the last twenty-five years. The survival period in the cases 
reviewed by these authors ranged from a few hours to four years. Thur- 
man,® Peacock,® Taylor,^ and Kappis® were among the early writers and 
investigators in this field. 


CASE REPORTS 


Case 1. — The patient was a 40-year-old colored woman who came to the hospital 
July 27, 1941, complaining of palpitation, weakness, swelling of the anWes, and 
abdominal pain. These complaints began two and one-half montlis previously. 
There was also intermittent precordial pain, radiating to the left flank. During 
the two months previous to admission she complained of attacks of loss of con- 
sciousness three or four times daily’; tliese were brought on by exertion, and lasted 
for approximately fifteen minutes. Vomiting had also been troublesome for a 
month before admission. 

There was no past history suggestive of a primary syphilitic lesion or of anfi- 
syphilitic treatment. 

On admission, the patient’s temperature was 98.6°, the pulse rate, 80, the re 
spiratory rate, 20, and the blood pressure, 144/40. Physical examination 
obvious respiratory difficulty, pallor of tlie conjunctivae, and distention o i 
neck veins. The trachea was in the midline, and no tracheal tug was ^ 

were heard at the bases of both lungs. The heart was enlarged to the ® 

costal space in the anterior axillary line ou the left. A thrill was fetm lo ■ 
ond and third intercostal spaces to the left of the sternum. In the pu monic . 
and above, a loud, harsh systolic murmur, vritli a long, low diastolic 
heard. These murmurs together suggested the more or less classica , 

"humming-top” murmur. The pulmonic second sound was somewhat aecenti , 
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the i.utnu.nic ihM scun.l \v:.s \,y tl.c iminiiu.-. 'I'l.nv was aa .Irt.'clal.lo 

imnoaso in llii' wiiltli of sloinal ilullmw at tlu- laiM! of tlio licail. The Int-r was 
laitpablo on tlio violit 1k>1o\v Ilia loval of tlia uinl.ilicns. Tliii.l waa tlioiiKlit to la- 
prosoal. in flu! alnlomon. Tliu irflaxas wero aqtial anil ai-tiva. Tlii-n* wna cili'jiia of 
tlic i'i’ol, li’ffa, and over tin.' aaernm. 

Tlic i)loo(l cell count waa nornial. Urinnlyaea allowed a apccitic. K'nvity wliiidi 
varied lictwcen l.OM and I.iIlT). and allnimin, eryllinicytea, leucoc.ytea, and caata. 
Both tlio Kline and ICoIiaer react iona on tlio Idood aenim were atronuly povitive on 
two occaaiona. The blood urea varied between ’Jl and 11. 1 ni;:. per cent. 'I'lie blood 
olueoao and ])idlein were within norinal limits. A jihenolaiilfonephthalein li'at of 
kidney function on faejif. 2:’.. lUtl. showed an excretion of only I’..') per cent of the 
dve in two hours. A roentgenogram of the che.'^t on .Inly 27, Ibtl, .“ihowed enlarge- 
ment of the cardiac, shadow and evidence of an .•inenryain of the arch of the aorta. 
On Auo S, llMl, diolraat was f^iven intravenously and radiograms taken. '1 he latter 
showed what ap[ic!ired to be enlarKcment of the jailmonary artery. Klectro- 
cardiograms indicated the presence of myocardial disease. A cardiac, sound truciu" 
on Aug. 7, showed a systolic, murmur wliich was loudest ut the base, and also 

a diastolic diminuendo murmur at the base. Several l\uoroscoj>ie esamimvtions gave 
evidence of enlargement of the right and left ventricles, with prominence of the 
aortic knob and pulmonary artery. 

The patient was afebrile on admission and remaiaed so tlirongbout ber jieriod in 
,the hospital, except for occasional transient rises to Kill'’ F. Dyajmea and edema 
eontinued. The venous pressure was elevated. Vomiting was troublesome. The 
rales in flic lungs hccame more marked, dyspnea and edema liecamc more pronounced, 
and flic patient died on Oct. 27, 1911. 

,Vt nccrop.sy, edema was pnweut over the feet, legs, hands, and saenim. Tlie 
right pnpil was sliglilly larger tlian the left. The edge of the liver was jialpable 
fl em. below the right costal margin. There were alimit liflO e.e. of elear yellow llnid 
in the peritoneal cavity, 200 to 000 e.e, in each jdetiral cavity, and almiit 100 e.e, of 
slightly cloudy fluid in the pericardial cavity. The heart was markedly enlarged ami 
wciglicd approximately .7.70 Om. The right auricle was dilated, and the right ven- 
tricle showed marked hypertro|ihy ; its wall nieasuied 1) niiii. in thickness. The pul- 
monary artery and it.s right braiielt were markedly dilated. The left jmlinoiirir}' 
artery apjieared relaiively small. On opening the heart and great vessels, if was 
noted that wiien a probe was pa.sscd through the jailmonarly artery it extended into 
tlie aorta. The tir.si part of tiie aorta was not enlarged. .Tust beyond the origin of 
the left subclavian artery, however, there was u large, saccular dilatation of the 
aorta (l ig. LI). This .“ac extended <Iowiuvard and slightly to the left. On 
looking into tlie sac, the iirobe iiassed from the left ]nilnu)uary artery was 
seen to bo protruding into the sae through an elliptical opening which 
measured 0 inni. in Icnglli. 'J'he edges of this ojiening aiipcared rather .smooth 
(Fig. 177). The sac measured 5 cm. in dinineter. Its wall wa.s inelastic. 
It.s inner surface wa.s wrinkled and firm, with some roughening. Tlie external .surface 
was firmly bound down by fibrous tissue to the surface of the left inilmonnry artery. 
In the finst part of the aorta, .some pink elevated plaques were scon, Tliere was longi- 
tudinal wrinkling of the intima whieli .sugge.sted syphili.s. Ko valvular lesions were 
.seen, flicrc were no definite widening of the commis.siiros of the aortic valve cusps 
and no narrowing of the coronary ostia. The loft vcntric.ular wall moasiirod 1..7 cm 
in tluCKllOHS. 

The right lung was larger and much flvmcr than the left. The extornal surface 
01 tlie right lung was brown and mottled. Its cut .surface 


left lung 
pre.sented 
Gm. and 


c was brown and firm. The 


J was more crepitant, and gray in color. The spleen weighed 325 Gm. and 
d seicial small, wedgc-.sli;iped areas of infarction. The liver weighed I 0‘>.7 
showed gros.s evidence of congestion and fatty degeneration. ' ~ 
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Fig. 1 A.— Case 1. Ascending commSnfca^^^^^ left branch ot 

lies in transverse Pef,VZnaf-v^I?tery ifshown opened at "P.A.-- 
pulmonary arterj--. Pulmonaiy arierj 



“A." 



SCHATTEXBEUG AXD HAUKIS: 


AOKTIC AXKUISVSM WITH HUI’TUUl’, Ol5 


Jlicroscopicaliv, (Iierc was iiiarlavl (liitUoiiin;: of tlic alveolar walls of tlie nut 
lun<r, and an increased amount of fihrons tisswc and coiifrestion of capillaru's were 
noted. Tsfany of tlic alveoli contained “heart failure” cells. There was thicUemno 
of the vessel walls throughout. 

Sections of the heart .showed sonic endocardial thichenino, and fragmentation am 


hypertrophy of myocardial fihrils. 

In the aortic wall, well-defined focal aecumulations of lymphocytes were noted 
in the outer media and adventitia. The lymphocytes were most numerous in the 
region surrounding the small vasa vasorum. There was intimal proliferation, mt t 
narrowing and stenosis of the lumina of these small vessels (Fig. ‘I). 

Pathologic Diagnoses. — (1) Hypcrtrojiliy and dilatation of the heart, (2) sacculai 
aneurysm of the distal part of the transver.se portion of the arch of the aorta, with 
erosion into the left pulmonary artery, (.I) chronic congestion of lungs, liver, spleen, 
and kidneys, (4) infarction of s])leon, and (5) .syphilitic aortitis. 



Fifj. 2. — Section oC wall of aorta, showinc endarteritis and perlvn.scular round cell 
accumulations about the va.sa vasoniin. 


Ca.se 2. — The patient was a 40-ycar-old colored man who was admitted to Charity 
Ho.spital Jan. 2, 1942, with the history of having been perfectly well until three 
months previously, when he developed a .slight, nonproductive cough. Five days 
prior to admission lie noticed u “snap in ins chest” whicli was a.ssociiitcd with pain 
in tile left shoulder and marked dyspnea. TIic dysjinea became increasingly .severe. 
Cough persisted until tlic day before admission to the hosjiital, when the sputum 
was frothy and bloodtingcd. 


He had lost 18 pounds in the preceding month. He gave a history of having 
had a “chancre” ten years before, after wliicli lie received several “injections into 
the hip” over a period of one month. 

On admission, the blood pre.ssure was 120/70, the temperature, 99° F., and the pulse 
rate, 100. He was markedly dy.spneic and showed slight cyanosis of the mucous inem- 
brane.s. Tlie tracliea was in the midline. Fine rales were scattered diffusely over 
both lungs. Tlie heart was not enlarged to percu.ssion. A loud “buzzing” sound 
extending through systole and diastole, was heard over the pulmonic area. The 
aortic sounds were absent. A thrill, extending through systole and diastole, was 
felt m the pulmonic area. The liver was palpable at tlie costal margin 
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, 3 A. — Case- 2. Dotted lines at A represent opening into saccular aneurjm 

viewed from aortic side. Aneurj'sni and clot contained therein are shown at S. C 
represents border where wall of aorta and pulmonary artery have been eroded arii 
destroyed, with rupture into the latter vessel at its bifui’cation. D shows niarkcJly 
dilated opening of right pulmonary artery. 



J'ig. 3B . — Case 2. Diagrammatic representation, showing location 
in ascending portion of aortic arch, with compression and destruction or van 
pulmonarv' artery. Hupturc occurred into pulmonary arterj' at its oiiuii..in 
border of the laminated clot in the aneurj'sm. 


SCA-iTENBWXi ANI. MABKI.S: AOimB ANBKl.VAM XVITM mU-Km Sl7 

.towrf atavlai.- "t «.<• riraalalian linn' a.al 

vi.»o«« ptaamra. A.. .■\>rln,a,r,li.,OT,n ravraW «» .-vM.-m- of .I..- - . 

of tlio lu'iirt and just ulwvo this Jir<'!i. ^ 

Tl.e pafiont fail.'d (n irspond t<. all tliprapcutk nu-asurns. Hu d.cl dan. ... (. u. 
alKiut fiftoini hours aftor ^•oluin^; to the hospital. 

Cliaico! J)hHMi«si.s.~.\ueuv.vsm of the aorta, with niptuiv into tl.e pulmonary 

\l' necropsy, a suiall auiouut of free lluid was found in the peritoneal and ideural 
eavities. The heart was not particularly enlarged. There was a slight decree of 
hypertrophy of the walls of the yentrieles. The ehainher.s of the heart, especially 
the right auvielo and veutriede, .showed eonsiderahle dilatation. Tlie endocardial .sur- 
face was smooth and glistening. The yalve cusps were not thickened. 'I lie ostia of 
the coronary arteries were noniially jiatent. 



Fiir. 1. — Section of nv.vH of aorta, tiuoer iialf. siiowiiii; laavUed tlileUenlnt; amt oro- 

lifenillon of Intimal .slnietiires. 

On e.Nternal examination of the thoracic aorta, a rattier marked saccular dilatation 
of the a.scending portion, ahout i-iii. ahoye the aortic v.-ilve, was' found. This sac 
wa.s pre.s.sing against the pulmonary artery. On opening lioth of these vessels, freshly 
dotted hlood was .seen to extend continuously from the norta into the jiulmonary 
artery througli an ojiening jit the margin of a lamellated clot. This lamelhili'd clot 
measured S cm. in diameter and junetically filled the deptlis of the saeeulur dilatation 
of tile aorta, e.xccpt for the area of eomnninical ion into the jmlmoimry artery. On 
lurtliur examination, it was .seen that the walls of holh the aorta .-fiid (lie jmlmoimry 
artery had been c.omjdetely destroyed at the site of the sue, and thnt the Inmellnted 
dot formed the only harrier helweeu the tw<i vessels over an urea which measured 
5 cm. in diaincler (Fig. :1J). Thus, although the netual eommuiiieatiou hot ween 
the two vessoks -appeared to bo rok-itivcly small (1 lo ti cm.), (heir wails were destroyed 
over a considerable area, making a potential communication o cm. in diameter. The 
rigid branch of (he. jmlmonary artery was readily seen in-low -and behind the .site of 
the aneurysm. The left branch of the |)iilmon.-iry artery njijieared to he eomjdetelv 
occluded at its origin by jiressnre of llie .sac (Fig. Its orifice was tlierefore 

located with dilliculty. 'I’lie lungs .showed evidence of ehroiiic p.-issive eoiigestion; this 
was possibly sliglitly more pronounced in the right lung than the loft. ' 
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The inhmal surface of the aorta showed the typical “tree-bark- wrinklin.^ -u,.] 
tbK-keiung of sj-pliilitic mesaortitis. There were also elevated pink areas an/pav 
glistening plaques. The pulmonary artery and its right branch were markedly dilated. 

3Iicroscopieally, tlie aortic wall .Viewed perivascular lymphocytic infiltration and 
intinial proliferation of the vasa vasoruin. There were al.«o markedly hyperplastic 
areas of the intima of the aorta itself (Fig. 4). The kVeigert stain .«liowed"di.'=ruj.tion 
and destruction of the normal elastic fibrils, with replacement by fibrous t}.s.qie 
(Fig. -5). 

Pathologic Diagnoses. — (1) Aneurysm of the a.^cending aorta, with rupture into 
the pulmonary artery, and (2) syplulitic aortitis. 



Fig. .5. — ^W'eigert stain of section of aorta, showing disruption and 
normal histologic structures, especially elastic fibrils, with fibrous tis.suQ ei 
ment- 


DISCVSSIOX 

In a study of 1,197 case.s of ruptured aneurysm of the thoracic aorta, 
Boyd'^ found that in 3.7 per cent the rupture occurred into the pul- 
monary artery. This is in accord with Lemannks' .serie.s of 529 ruiiture.s 
of thoracic aortic anemysms, in IS, or 3.0 per cent, of which the ruptuie 
oc-eurred into the puhnouary artery. In only one of Potter's- 46 cases 
and one of Kampmeier's'’ 98 eases of ruptured thoracic aneury.sms ditl 
rupture occur into the pnlmonaiy artery. 'SYoolley^^ reported a .series oi 
6 I'uptured aneurysms of the arch of the aorta, of Avliich one in\ol\et t le 

pulmonary artery. 

KampmeierV -study included a group of 1,038 eases in wliieh He 
diagnosis of aneuiysm of the thoracic am1a was made at Hie Uun-it> 
Hospital in New Orleans between 3905 and 193:). In none o i< ( 
did rupture take place into the puhnonaty artery . 



SCU.VTTKNHKU<i AN.* HAlt.US : AOimO ANKUKYSM WITH nUV'VVni'. all) 

Since Jan. 1, 1035, thvonjxh April V^, 1!M‘2. tho foil.Avin- .sfalislics luive 
1)0011 ooinpiled from lln: rooonls nf paticnl.s al tlio ( Jiarity ]!o.spita1 : 

\iR-urv.siii of lliocK'io aoita (auloi).«v (lia-inosis) 

Aneurysm of tUorae.ic uorUi (diiiieal .Vmy:n(isi.«; m. atilopsy -lo 


loiie) 


;U!C> 


Rupture of !incurv.«m of tlioraeie aotia (niitoiwy ilia^iiosi.-.’) 
Rupture of aueurysiu of thorueie aorta (eliiiieal ilia^jitosis; no 
aufop.«y (tone) 

Total 

Sites of rupture (autopsy dinfcnosis) : 

I'ulmonary artery 

Great veins -1 

Trachc.a 

ICsoplmj'Us 

Total Iiospital admissions (uard paiienls) from .Ian. 1 , IW.'), 
tliroijf'h April Jo, lOJ'J 


l.S 


12 


:!0 


Thcrci'ovc, the two cases herein reported are the only oiu'.s oiil <>)' ii 
series ot cases ot aneiiry.sin of the thonicie aorta tit the ('harily 

Hospital over a period of thirty-six years in which rtipHire of tin* 
anenrysin into the jnilmonary artery occurred. 'I’liere were ufiproxi- 
inately 132 ruiitures duriiifr this period, .so that, the incideiiee of rupture 
into the inilnionary artery w<ms only !il)oul l.o ])er cent. Thi.s is eonsider- 
ahly below flic figuro.s (3 per cent and 3.7 jier cent) prc.senled above. 

The eases of Garvin and Siegel," Scott,’- Steven.son,’" Del]) and ^lax- 
well,’'' and 'White, Chaiuborlain, and Kelson' illustrated this eoinpliea- 
tion in its nsutil form, namely, ruiilure into the main trunk of the 
pulmonary artery. In the ea.so of JCorb and Aynian,’'' however, the 
rupluro occurred into (he left ]ndinonary artery. 'J'his wa.s tlie only in- 
.stanee of its kind in the literature, so that our Case 1 is the second to bo 
1 ‘eportcd. 

Tliis calls attention to the marked difference in the gross and micro- 
.scopie changes in the right and left. lung.s and their ro.spective pulmonary 
arteries in Case 1, and to a considerable degree in Case 2. 

Tlic right lung was much larger and tinner to i)al])alion, and, micro- 
scopically, .showed the "brown induration" of long-standing congestion. 
The left lung was smaller, and did not .show such decided micro.sco})ic 
changes. The right pulmonary artery wa.s mai'kodly dilated and its wall 
thickened, as eomj)ared with the left pulmoj)a7-y ai'teiw. All of tJjcsc a))- 
normalities, we believe, are attribut.'iblc to long-standing jn'O-ssui'c of the 
aneury.smal sac on the loft pulmonary artery, with resulting stenosis of 
this ve.ssel. Such an occurrence would bi-ing about .shunting of most of 
the blood from the riglit ventricle into the riglit pulmonary arteiy and 
i-ight lung, and so place an overload ui)on these .structui-os. Wlien the 
rupture did occur into the left pulmomiry arleiy, bowevoi-, this mecha- 
nism would probably be altered. 

It is believed that the ruptui-e in Ca.se 1 occum-cd .some time before 
death, possibly during one of the pal lent ts atlack.s of dyspnea and chest 
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pain some months previously. Tlie pathologic cJianges were coiniiatilile 
with a rupture of some weeks’ or months’ duration. 

The size of the heart, with cor pulmonale, lias heen diseussed hy 
Garvin and Siegel.^^ Cor puhnonale was well shown in Case 1, and was 
less marked in Case 2. 

The obvious explanation is obstruction of the pulmonai-i' arlcrv liy 
pressiu’e of the aneurysm before actual communication is estahUshod. 
That there is, of necessity, such a period of long-eontinued pressure in 
most of these cases seems important from the standpoint of elinical' 
diagnosis, for otherwise unexplained right ventricular h^'pertrojiliy, 
dilatation, or failure might thus be understood. 

The elinical features of the condition have been very thoi'ouglily dis- 
cussed hy Taylor,^ as well as bj'- more recent writers.^’ “ Suffice it to 
say that, in the eases herein reported, there were the usual dyspnea, pain 
in the chest, jerky pulse, and continuous murmur at the pulmonary 
valve area, with a systolic exacerbation. 

The usual cause is syphilis. In Case 1 the Kline and Kolmer reactions 
were positive. In Case 2 there was a history of a chancre ten years 
previously. There was gross and microscopic evidence of syphilitic 
aortitis in both cases. Levaditi stains of the aortic wall and myocardium 
in these two eases failed to reveal spirochetes, perhaps because this e.\’am- 
ination was not carried out on fresh material. A AVeigert elastic tissno 
stain of sections of the aortic Avail in both eases shoAved the classical 
picture of disruption of the elastic fibers, AAuth connective tissue replace- 
ment. 

smaiARY 


Tavo cases of aneurysm of the arch of the aorta, caused by syphilis, 
Avith rupture into the pulmonary artery, are hercAvith reported. A brief 
revieAv of the literature, Avith emphasis on the incidence of this condition, 
is presented. Attention is called to the very infrequent occurrence of tlii.s 
entity at the Charity Hospital of Louisiana, at Ncav Orleans, as con- 
trasted with the incidence giAmn in other reports. Additional points ot 
interest are that the rupture in Case 1 Avas into the left pulmonary 
artery, rather than into the main pulmonary trunk, and that the 
aneurysm of the aorta Avas in the transverse, rather than the ascending, 
portion. The gross and microscopic lesions indicated that the rupfuie 
might haAm been of some Aveeks’ or months’ duration. Also, our observa- 
tions support the contention that there is a period of relative ohstvuetion 
of the pulmonary vessel before'it is cAwntually invaded, and that this pio 
duces changes AAdiieh might aid in clinical interpret at ion hofoic ac 
rapture occurs. 
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THE CAPACIERAPH-STRING GALVANOMETER FOR 
RECORDING ARTERIAL AND VENOUS 
PULSATIONS 


C. Penking, M.D. 
Salt Lake City, Utah 


•^HE CAPACIGRAPH in combination with a galvanometer of low 
natiii’al frequency has been nsed to record the surface displacements 
over the external jugular A^eind Substituting a string galvanometer 
for the galvanometer of Ioav natural frequency provides a combination 
Avith a figure of merit Avhieh is limited only by the dynamic qualifications 
of the string galvanometer. The combination permits one to feed sepa- 
rately or simultaneously to the string galvanometer the potential vaihi- 
tions derived from the eapaeigraph or from tlie heart. It is thus pos- 
sible to make at will, and Avitli relative ease, separate recordings of sur- 
face displacements and the electrocardiogram, or to record the resultant 
of the Dvo simultaneously. When combination recordings are made, the 
R AAmve of the electrocardiogram is used as a positive (time-electrical) 
reference point in the analysis of complex surface displacements pro- 
duced by in situ blood ves.sels during the cardiac cycle. The R wave mny 
be used in this manner, but the other components of the electrocardio- 
gram are usually not recognizable. 

It is well known that the skin of the neck undergoes displacements 
caused b.y the pulsations in underlying Amssels. The sldn Avliieh over- 
lies regions in which there are no large vessels also undergoes displace- 
ment during the cardiac cycle; this is caused partly by the pulsations 
of smaller vessels, and partly by pulsations from adjacent regions wliicli 
contain large and small blood vessels. Each vessel pulsates in accordance 
with knoAvn tension changes which arc traiismitted to them and de- 


veloped within them during each cardiac cycle. AVhen the “])ickup 
plate” is placed over the right external jugular vein, with the patient 
supine, a curve is obtained AAdiich has the general characteri.stics shown 
in Fig. 1. Three principal Avaves are recognized; they correspond to 
the A, C, and V of the Amnous pressure pulse obtained by other methods. 
When the pickup plate is placed over the right common carotid artery, 
a curve is obtained AAdiieli sIioaa's the general characteristics ol, I ig- 
Three Avaves are again recognized; hoAA'CA’er, the first is knoun to he 
auricular in origin, and sIioaa's a variable amplitude, depending ujmn 
the individual subject. So far, it has been impossible to obtain hy 
means of the free plate approach, and under the conditions of oliserva- 


From the University of Utah Medical School and the Chicago Lying-In Ho.s,.ital, 
University of Cliicago. 

Beceived for publication July G. 19-12. 


522 



I'r.N'NIN'O 


CAl’ACKiKAlMI-STKlNXi (iAIA'ANOMl'-'l'KIS 






AMERICAN HEART JOURN^VL 

tion, an arterial neck pulsation in which there is no venous A component. 
On the other hand, the curve of Fig. 3 was obtained from the riglit com- 
mon carotid region hj^ a modified pielrap plate upon which sufficient 
tension was applied to block the venous component. The general con- 
figuration resembles that of the arterial pressure pulse obtained liy othei 
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methods. The modMed plate was j „,is u„it are good- 

principle (Fig. 4). The dj-namie „f 4000 and 

Pig. 6 jllustrates the 1 the cathode.ray oscillograph- 

16 000 V/S respectively, as registered by the 
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PV 6 shows the ooihbinecl pnlse and cleetrocai'diogram which was 

ohSLdby placing the face piehnp plate over t 

vein. The R Avave occurs during the fest wave of the tin 
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placement complex. The apparent relationship of the electrical change 
(veiUricnlar in origin) and the mechanical displacement (auricular L 
origin) is in part due to the fact that excitation develops before the 
onset of the mechanical response, and in part due to the time recuhrccl 



for the propagation of the pulse ivavc to Ibc region undell.^ in.- ^ 
pickup plate. By this means, llie velocity of the pulse wave may ^ 
ascertained. The plate can be shifted nearer to, or ' 

origin of the force producing the displacement. As an index, I le 
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and its temporal i’elationsl\i]i to a ■\vcll-markod displacioment, com]>oncnt. 
may he ascertained; then, upon shifting the plate, any change in time 
relationshi]) is caused l)y the increase or dec-rease in tlie time necessary 
for the pulse ■wave to travel l)el\veen the two points. 

However, for com])lctc accuracy, an additional factor must l)c taken 
into account: the distance through Avhich the p\ilsc Avave is ])ro])agated 
may remain constant, hut tlie interval wliicli elapses hetween the develoj)- 
ment of the excitation Avave and its associated electrical i)Olonlials and 
the mechanical response may vary. Fig. 6 l)ears this out. Tlie relation- 
ship of R AvaA^e to A Avave varies .slightly Avith each heat of the heart 
in a cyclic manner over a iieriod of five cardiac cycles, Avhieh, in this ease, 
is rouglil}' equiA’alent to one respiratory cycle. It is assumed that the 
factors Avhich cause sinus arrhythmia produce these variations. 

Pig. 7 shoAvs the pulsatile changes Avhich Avere recorded from the neck 
of a pregnant patient Avitli rheumatic heart disease; the heart Avas 37 
per cent oversize, and there Avcrc aortic and mitral lesions. 

No attempt is made at this time to correlate the clinical, jiliysiologic. 
and recorded data. The recordings are pre.scnled to show the poicntial 
diagnostic uses of the capacigraph-.string galvanometer. 

.summary axd coxciu;sions 

A new and useful method for the .study of normal and ahnoi'inal cardio- 
dynamics is presented. 

KEFKREXCE 

1. Foniiing, C., and Bonnv, B. E.: Additional Itocnrdiiig.s Olifained tyith (lio 
O.scilK'ito-C.'ip.'icigrapli, J. Lai). & Clin. Med. 25: 175, 1!)3D. 
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report of the committee op the AMERICAN HEART 
ASSOCIATION ON THE STANDARDIZATION OP 
ELE CTRO C ARDIOGRAPHIC NOMENCLATURE 

Introduction 

TT IS nearly half a century since Einthoven first employed the lettei-s 
1 P, Q, R, S, and T to designate the component deflections o.f the cunTs 
which he obtained by computing and eliminating the distortion present 
in reeoi’ds of the normal heart beat taken with the capillary electrom- 
eter. After he had invented the string galvanometer and was able to 
record the human electrocardiogram in undistorted form he continued 
to use these symbols, and eventually added to their number by assigning 
the letter U to the low-voltage deflection often present in early diastole, 
and by accepting the designation Ta, previously employed by Hering, 
for the inconspicuous final component of the auricular complex. 

This system of nomenclature has been in practically universal use 
since the very lieginning, and it is permanently imbedded in a vast and 
important literature, which all serious students of electrocardiography 
must frequently consult. In spite of the ti’emendous growth of this 
science in the recent past, it has continued to seiwe its purpose niove 
than reasonably well. Some have found it unsatisfactory in certain 
respects, and have tried to replace it with an entirely different termi- 
nology, but such efforts liave met with no success and are now of interest 
chiefly from the historical standpoint. Under these cii’cumstanecs it 
seems essential that, in attempting to standardize electrocardiographic 
nomenclature, we respect usages that are long standing and generally 
accepted, and make only such recommendations as may be required to 
meet urgent needs of the present and immediate future. It is desired 
that all concerned clearly understand the causes of dissatisfaction wliicli 
have led to a demand for some action of this sort. 

Much of this dissatisfaction is clearly dependent upon tlie circum- 
stance that electrocardiographic nomenclature, like any other language, 
is continuously changing. It must grow and expand with the science 
which it serves, and can be stabilized only temporarily. AVith the 
advance of knowledge the terms and symbols introduced by our prede- 
cessors have been utilized to meet new needs and have acquired mean- 
ings which they did not originally possess and whicli are not exact 
the same for all workers. AAM propose to redefine those are 

in general use so that misunderstanding may be avoided. The nm - 
duction or recommendation of new temis which have not been wide } 
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adopled in vesponsc to an iinporativc need Avoiild 1)C more eoninsini' Ilian 

helpful. . . 

It, was primarily to i'acililalo the description and discussion ol; Ihe 
form of the elcctrocardiotjram that Eintlioven hi'st a.ssiftned letters to its 
individual components. If is important that this function of oui 
nomenclature should be kept in mind. The deflections to which he 
slave names differed one from another in various nays; in .size, in diiec- 
tion, in shape, in duration, in sefiuential ]iosition, and in thcii lelations 
to other events in the cardiac cycle. All the components origimilly 
named were no doubt regarded as fundamentally different in origin. 
It should he emphasized that neither the observed diflerenccs nor the 
ditferenccs in origin inferred can be considered all of the same sort, 


or all equally significant. 

It is clearly desirable that deflections alike in origin always be given 
the same name, and that deflections unlike in origin bear different 
names. Both Eintlioven and Lewis after him recognized the validity 
and importance of this ])rineiple. The former went considerably farther 
than the latter in his efforts to avoid violating it, and his writings sug- 
gest that it was chiefly for this reason that he never solved to hi.s own 
complete satisfaction the problem of adapting his nomenelature to 
electrocardiograms of unusual or abnormal outline. The difficulty 
seems to have been that he did not fully realize that the .symbols ho 
was using differed greatly in value; that the phenomena which they 
represented were by no moans equal in rank. 

When dealing with initial ventricular deflections conspicuously dif- 
fei'ent from those to winch tlie letters Q, E, and S were first assigned, 
he u.sually did not attempt to name them individually hut made use 
of the sjmihol (QRS) to designate this group of deflections as a whole. 
This solution of the problem surrendered the advantages which he had 
gained originally by naming the com])onent.s of the QRS complex. 


In the case of bundle branch block of the common type, he went 
farther still, and often labeled the firet largo deflection of the e.ssen- 
tially diphasic ventricular complex A and the large final defiection J3. 
For a similar reason Lewis assigned the .symbols Q', R/, S', and T' 
to the components of eleetroeardiogi’ams of 1,his kind. Pew authors 
have followed Eintlioven and Lewis in giving distinctive names to the 
ventricular deflections of branch block curves. According to our 
prc.scnt conceptions the final ventricular deflection alwajvs repi'csent.s 
the same physiochcmical process. By always calling it, t.he T wave, we 
emphasize this important truth. By giving it one name when normal 
and a variety of otlier.s when abnormal we should ob.senre a likeness 
which is fundamental for the sake of making di.stinetions which arc, by 
comparison, trivial. These i-emarlcs apply with equal force to the 
problem pi-esented by normal and almoi-mal QRS complexes. 

In cases of pronounced axis deviation, Eintlioven used the letter R to 
designate the chief QRS deflection regardless of whether it was upward 
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or doTvn^vard. Lews, on the other hand, called this deflection K when 
It was upward and S when it was dowiward, and the vast niajoritv 
of recent writei-s have done likewse. From time to lime, however 
attempts have been made to remve Einthoven's point of view. 

In the last few years differences of opinion have arisen as to whal 
constitutes a Q deflection and what an S deflection. Tfheii the QRS 
complex consists of a single dmvnward deflection, some witers call this 
deflection S on the ground that a dowiward deflection should not ))e 
labeled Q unless it is followed by an upward deflection. Otheis call 
it Q on the gi’ound that this name should be given to every dowiiAvard 
deflection not preceded by an upward deflection. 

By far the greater part of the dissatisfaction with our eleefroeardio- 
gi-aphic nomenclature has clearly been due to a lack of agi-eenient as to 
what principles shoirld govern the assigrrment of the letter-s Q, h, and 
S to the components of the QRS complex. The symbols P, Ta, QR8. 
T. and U have long been used in the same way by everv'one and present 
no difficulties. The electroeardiograplrie components which they repre- 
sent may be regarded as at least approximately equal in rank. Each 
has a char’acteristie contom* and a distinctive relation to other everit.s 
of the cardiac cycle. According to our present conceptions each has a 
distinctive origin. The fii’st (P) is held to represent all those electrical 
forces produced by depolarization (activation) of the airricrrlar muscle; 
the second (Ta), all those electrical forces produced by repolarization 
of the aurierrlar mu.sele. The third (QRS) and fornih (T) are held fn 
represent aU the electrical forces generated when these same pli.vsio- 
chemieal changes take place in the ventricular myoeardiiun. The last 
(U) is less well understood: it apparently depends upon some .sort of 
read.iustment of the polarization of the ventricular muscle. Since 
these physioehemical changes are closely related to the mechanical 
activities of the heart, and necessarily occiu* whenever the heart beats, 
their eleetiieal representatives can never be actually absent in an.v 
lead. Some may, however, be isoelectric or of such low voltage that tlic.v 
are imperceptible, and it often happens that a snrall deflection is difficult 
or impossible to detect because it is .superimposed upon a much larger 
one. Whatever the standpoint adopted, each of these components of the 
electrocardiogram is clearly entitled to a distinctive name. It is obNious 
that there is little danger of mistaking one of them for any of the 
others. 

The individual components of the QRS complex are not entities of 
the .same .sori. They vary in nrrmber from .srrb.ieet to .suh.icct and 
from lead to lead. They have not been related to different events of 
the cardiac cycle, nor have the.v been shown to depend upon the aetiv 
of distinct subdivisions of the ventricular mu.sele. None of them has a 
distinctive eorrtour. They differ one from another chiefly m direction 
and in sequential position, and can not be ea.sily define excep in 
terms of these differences. All these deflections are alike in ongm 
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in the sense that all are produced hy electric forces generated by the 
spread of the excitatory process over the ventricular muscle. They 
can differ in origin only as regards the particular fraction of these forces 
which each represents. The individual fibers which contrilnite the 
elementaiy forces re.sponsible for a given component in a given lead do 
not all lie in the same part of the ventricular myocardium. None of 
the QES components in any lead has a simple anatomical ba.sis of this 
kind Avhich would make its origin distinctive in the anatomical sense. 
The origin ascribed to anj'' component is mainly, for this reason, de- 
pendent to a large extent upon the point of vieAV adopted, and no one 
particular point of view lias gained such wide acceptance as to make it 
pre-eminent. 

It has been suggested that the QRS interval should be sulidivided in 
one way or another, and that names should be as.sigircd to parts of the 
QRS complex solely on the basis of the particular subdiAUsion of this 
inteiwal AA'ithin AAhich tliey fall, rather than to the separate deflections 
of AAhich it is composed. Tliis suggestion is derived from the vicAV that 
any part of the QRS complex AATfitten during a given interval of time 
in one lead is identical in origin Avith those parts of the QRS complex 
Avritlen during the same interval in other leads in the sense that it 
is i)roduced by the same electrical forces. It is assumed that all the 
elementaiy electric forces present at a given instant are equally effective, 
in proportion to their magnitude, in all the leads under consideration, 
or that, so far as tliese leads are concenied, they are equivalent to a 
unique re.sultant eleeti'omotiA'e force AAhich may be sulrstituted for them. 
Einthoven’s equilatei’a! triangle defines a resultant electromotive force, 
the cardiac A^eetor, AA’hich may be substituted for the actual electi’omo- 
liA'c forces aaIicii dealing Avith limb leads, if the a.ssumption.s upon AA^hich 
tins triangle is based may be regai'ded as representing the time situation 
Avith sufficient accuracy for the purposes in mind. Noav that it is 
customaiy to take preeordial lead.s to AAdiich it is not applicable, as AAmll 
a.s limb leads, it is not desirable to enthi’one this point of vieAV in our 
nomenclature and disregard others AAhich are, equally legitimate. 

For this reason, and because it greatly complicates the assignment 
of the letteiAS Q, R, and S to the initial group of ventricular deflections 
and the description of the form of the QRS complex, aa^ believe that 
a doAviiAvard deflection .should ncA'er be labeled R on the ground that it 
oeeuiiies the same interval and represents the same resultant forces as 
an upAvard deflection in another lead to AAhich this letter has been 
appropriately assigned. It is equally disadvantageous to label an up- 
AAmrd deflection Q or S because it corresponds in time to a doAAUAAvard 
deflection in another lead to Avhich the same letter has previously been 
allotted. 

The considerations mentioned and the multiplicity of leads noAV in 
use fully justify the labeling of the QRS components of one lead AAoth- 
out reference to the number or character of the QRS components in any 



632 


AMERICAN HEART JOURNAL 


Other lead The allocation of the symbols employed should l)c deter- 
mined solely by the direction and sequence of these deflections in the 
lead under consideration. 


RECOMMENDATIONS 

1. The symbols P, T.^, QRS, T, and U should be used to reiu'esent 
those deflections or groups of deflections to wliich tiiey were origimilly 
assigned, both when the electrocardiogram is normal and when it is 
abnormal. 

2. In the majority of cases the QRS complex is superimposed upon 
the Ta deflection. For this reason the level of reference from which 
the voltage of the QRS deflections is measured should be the level at 
which the first of these deflections begins. The voltage of an upward 
QRS deflection should be measured by estimating the vertical distance 
between the upper edge of the trace at the beginning of the QIIS in- 
terval and the upper edge of the trace at the point where the deflection 
reaches its maximal elevation. The voltage of a downward deflection 
should be determined bj^ estimating the vertical distance between the 
lower edge of the trace at the beginning of the QRS interval and the 
lower edge of the trace at that point of the deflection which is Iarthe.st 
from the reference level. 


3. In order to indicate how the QRS complex should be subdivided 
for the purpose of assigning .s,ymbols to the deflections which it displa.vs, 
we may describe a QRS complex which has three components in the 
following terms: The first deflection begins at the onset of the QflS 
interval when the trace first leaves the reference level. Prom this 
point the trace rises or falls to a turning point, where the direction ot 
its motion is reversed. It may pass through a second or third tinvini^ 
point before crossing to the opiiosite side of the reference level.* At 
this crossing the first deflection ends and the second begins. The second 
deflection, necessarily opposite in direction to the first, must display 
one turning point and may display many; it does not end until tlic 
trace crosses the reference level for the second time. The third dcflcclion 
begins at the second crossing and ends at the RS-T junction. No part of 
the QRS complex which does not display at least one turning point 
should be considered a separate deflection. If the R.S-T junction is 
displaced and this junction and the last turning point lie on opposite 
sides of the reference level, that portion of the trace Avhich lies between 
the last crossing and the RS-T junction should be considered part of llie 
deflection to Avhieh the last turning point belongs. 

The earliest QRS deflection which lies above the refei'enee level slionld 
be labeled R. Any doAViuvard deflection Avhich preecde.s R, so defined, 
should be labeled Q. The first of any downward deflect ions wlncli may 


»AAnien the trace 1.=; (Tescendinfi- „V whf/h U .at^the bPKinnhiK of 

its iower margin reacJie.s a po.sition .below that ^ A "c^ 

the QRS interval. When the fruity which it occtipi-'l 
instant when its upper margin reaches a position aooic 
at the beginning of the QRS interval. 
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follow ll should he lnl)eled S. The first of nuy upward defiectious 
which may follow S should be labeled R', nud the first, o! any down- 
ward deflccl.ious Avhich may follow R' should be labeled S'. If it is 
necessary to label still later deficctions of the QRS group, the symbols 
R," S," etc., should bo used in accordance with the same principles. 
When R. is absent, so that the QRS complex consists of a single down- 
ward deflection, this deflection should bo labeled QS. In statistical 
.studies QS, Q, and S deflections should be considered separately. 

A deflection is “notched” -when it displays more than one turning 
point on the same .side of the reference level. A deflection is “slurred” 
when it displays a distinct and local “thickening” on either limb or 
at its apex, due to a sudden and pronounced change in the slope of the 
curve, or, in other words, in the rate at which the trace is rising or 
falling. 

When the form of the QRS complex varies from moment to moment 
because of the effect of the respiratory movements upon the position 
of the heart, or for some similar reason, the classification of this com])lex 
should lie determined by the variety of complex which is most, abundant , 
or, if no type is numerically predominant, by the outline of the com- 
plexes which arc of intermediate form. Very small QRS complexes 
(largest deflection less than 5 mm.) which display more than three 
components or multiple slurring and notching should be clas.scd as 
“small and bizarre” or “vibratoiw.” 

4. The term RS-T junction should be used to indicate the point, or 
.shoulder which marks the end of the QRS complex, i.c., the point 
where the steep slopes of the QR.S deflections are more or less abruptly 
replaced by the more gradual slopes wiiich precede or com])rise the first, 
liinb of the T wave. In many electrocardiograms the RS-T junction 
is followed by a nearly horizontal or gently sloping segment which lies 
on, above, or belou' the reference level, and ends with the onset of a 
much steeper slope that rises or falls to the a.))ex of T. It is agi'ccd 
that the term RS-T segment is a u.seful name foi' this part of the ven- 
tricular complex Avhen it exists, even though it is propei’ to regard it 
as the earliest part of the T deflection. When t here is no point between 
the RS-T junction and the apex of T at which a sharp change in the 
.slope of the trace occurs, this ])art of the ventricular complex should 
he called the first limb of the T wave. WRion the term RS-T segment 
i.s used without reference to .some particular electrocardiogram oi’ to 
some particular class of electrocardiograms, it should be understood 
to refer merely to that part of the ventricular complex which im- 
mediately follows the RS-T junction. The reference level for the 
measurement of the displacement of the RS-T junction should be the 
same as the level of reference for the mea.surement of the QRS de- 
flections. The level of reference for the mea.surement of the RS-T 
segment, the T wave, and the U Avavc should be the isoelectric level 
when this can be determined; otherwise it should be the level of the 
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trace at the hegmning of the QES interval. Tlie i.soelectrie level is the 
level of the trace at the beginning of the P wave when the P wave occin-s 
in its normal relation to the QRS deflections and is not superimposed 
on T or U. 

5. The term “diphasic T waves” should he applied to those fiual 
ventricular deflections which present two distinct turning points, one 
on each side of the level of reference. If the earlier turning point lies 
below this level, and the latter above it, the diphasic T wave may he 
said to be of the mmus-plus (- +) type. If the reverse is the case, it 
may be said to be of the plus-minus (+ -) type. Wlien the tenn diphasic 
is used with reference to other deflections, to the QRS complex, or to 
the ventricular complex as a whole, it should be used in the same sense. 

6. When applied to the QRS complex, the T deflection, to any other 
electrocardiographic component, or to RS-T displacement, the term 
“concordant” should signify that the largest deflection or di.splace- 
ment is in the same direction in Lead III as in Lead I. Under the same 
circumstances the tenn “discordant” should signify that the largest 
deflection or displacement in Lead III is opposite in direction to that in 
Lead I. 

Arlie R. Barnes, M.D. 

Louis N. Katz, M.D. 

Samuel A. Levine, M.D. 

Harold H. B. Pardee, 

Paul D. White, M.D. 

Frank N, Wilson, M.D. 



SECOND SUPPLEMENTAKV PEPOPT BY TJTIO CO.Y.YITTEE OE 
THE Ai\rERICi\N ITICAPT ASSOCIATION FOP THE 
STANDARDIZATION OP PPECOPDTAL LEADS 


E APLY in 1938 the Commit lee of the Ameviean Heart Assoeialion 
for the Standardization of Precordial Leads and a similiar com- 
mittee representing the Cardiac Society of Great Britain and Ireland 
made .ioint recommendations •\villi reference to a single precordial lead 
for routine use. In a supplementary report jiuhlishcd in the same yeaiY' 
the American committee recommended that when multiple prccordial 
leads -were taken the prccordial electrode he ])aircd cither with an 
electrode on the left leg or with a central terminal connected through 
ecpial resistances of 5,000 or more ohms to three electrodes, one on the 
right ann, one on the left arm. and one on the loft leg. Six pi-ccoi-dial 
points were recommended as suitable locations for the prccordial elce- 
trodo.f and these may he referred to as the C,. C._,, C,, 0,,. C,-,. and C,. 
positions. In the last, few years, the numhev of elect rocardiograjdiers 
who have abandoned single in favor of multiple precordial leads ha.s 
rapidly increased, but there has been no uniformity as regards the 
number of leads taken, the location of the remote electrode paired with 
the precordial electrode, or the locations of the precordial ])oints reg- 
ularly explored. 

There has been a persistent demand that some further action ho 
taken with reference to the standardization of precordial leads. The 
under.signed have, therefore, consulted, and have atlem])lcd to reach 
an agreement with reference to the more im])ortant questions that have 
arisen in connection with this problem. It is agreed that inniiy of 
these quc.stions mu.st be left unanswered until our knowledge of the 
px-ecordial clecti-oeardiogram is far more complete than at pi’esent. A 
gi’cat deal of methodical painstaking woi’k is urgently needed with 
reference to the best location for the remote clecti’ode, the desirability 
of taking prccordial leads routixicly, and the best combination of loca- 
tions for the pi’eeordial elect I’ode. The pi’csent, situation is not, however, 
due solely to inadequate information bxxt also to a lack of comixlcte 
agreement as to exactly what is meant by “best combination” and 


•AM. Hkaut J. J.'>: 235 , 193S. 

tit lias been jiointod out to u.s that tlio iiioaninK of tlio last .sontenco of tho tliird 
paragrapli of our iireviou.s .supplementary re|>ort Is not clear. The correct interpreta- 
tion of this .sentence is as follows; 

When the letter.s and .suhscript.s .specified are eniiiloyed. It shall bo undcr.stood 
uiat in the ca.se of the .sternal lead.s the prccordial electrode has been placed in the 
«h interco.stal .space, and that in the cn.se of the other lead.s it ha.s been jilacod 
' *1® dr.wn from the left .sternal niarprin in tlio Itli interco.stal .space to the 
of the apex heat and continued around the left side of the chest at 
tliP, iH**; ‘''"'ion the apex beat cannot bo satisfactorv located, 

the the loft .sternal margin in the 4th interco.stal .space to 

space 'oft midclavicular line crosses the center of the fith interco.stal 

potnt’ ^ should be continued around the left side of the chc.st at the level of this 
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similar terms -wtieu used M-ith reference to precordial leads and as lo 
whether the questions at issue arc to be decided on empiric-al grounds 
alone or, if not, as to what basic principles should be given important 
consideration. The recommendatioms which follow must, for tlmse 
reasons, be considered merely tentative. 

The Committee is agi'eed that a single precordial lead from the region 
of the cardiac apex, or fi-om any other part of the precordium, rt in- 
adequate. When multiple preeordial leads are taken, it is found that 
in the vast majority of eases the extreme right side of the precordium 
and the extreme left side of the precordium yield QES comple.\'es of 
more or less opposite form. Leads from a usually small region lying 
beriveen those from which complexes of opposite types are obtained 
customarily yield complexes of intermediate or transitional form, whicii 
are often difficult to interpret when eimms from points farther to tlie 
right and from points farther to the left are not available for compari- 
son. The location and size of the region from which transitional com- 
plexes are obtained vary greatly from ease to ease, and are not entirely 
constant in one and the same subject. When single precordial leads are 
taken from the outer border of the apex beat, the exploring electrode is, 
in actual practice, sometimes placed to the right of the region of transi- 
tion mentioned and sometimes to the left of it, or within it. In serial 
observations on the same subject inaccuracy in placing this electrode 
or an alteration in the size or location of the region in question may be 
re.sponsible for stinking changes in the form of the euiwe obtained by 
what is technically the same lead. 

This is only one of the causes for dissatisfaction ^vith routine apical 
leads. WTien all cases are considered, regardless of whether the standard 
leads are normal or abnormal, it is perhaps true that a lead from the 
region of the apex or from the left anterior axillary line at the level of 
the apex will display abnonnalities of the ventricular complex more 
often than any other single precordial lead. When, however, only 
those cases in which the limb leads are normal are considered, this is 
certainly not the ease. It is now clear that when the standard limb 
leads are nonnal, the precordial leads most likely to yield significantly 
abnoi’mal eiiiwes ai’e those from points lying between the left sternal 
border and the midelavieular line. Consequently, single apical leads 
most often fail completely in those cases in which multiple preeordial 
lead.s have most to ofiier. 

The Committee believes that three is the least number of preeordial 
leads that cun be regarded as satisfactory for general purposes. It 
suggests that those who ^vish to reduce the munher of such leads io a 
minimum take leads from the Gi, Cs? and C.-, positions. AH aie uu.,c. 
to take additional leads whenever possible. A lead from the C; oi a 
lead from the C4 position may show diagnostic ahnonnaldies u m 
equally .signiheant changes fail to occur in other leads. 
follow om- recommendations must remember that inversion oi i 
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Cfcflcclious in loads Cvom tlu^ C, position is rnsiuontly onouuntovod in 
normal adult .snb.iools. It is boliovod tliat Ihoso who have had li t (. 
experienco with nniltiplo procordial loads would yain mu.-b worthwhile 
information by taking a full sot of six procordial loa.ls on a few noimial 
subjects and on a series of patients with known cardiac abnormalities 
of the coinmonor tyjios. 

It is agreed that the information available does not ])onnil a dotinito 
decision on empirical grounds as to the best location for the roinoto 
electrode with which the oxidoring or )irooordial oloctrodo is ])airod. 
It is recommended that the precordial oloctrodo bo iiairod with an ohs'- 
trode on the right arm, with an electrode on the left leg, or with a 
central terminal connected through otpial resistances of o.OOO or more 
ohms^' to three electrodes; one on the right arm. one on the left arm. 
and one on the left leg. Some, but not all. members of the Committee 
who formerly placed the remote electrode on the left leg now })rcfor 
to place it on the right arm. It has boon observed that when the ]>ro* 
cordial electrocardiogram is judged by the normal st/indards at, jirosont 
availnhle, a lead from a given point, on the iirccordinm may yield an 
abnoiinal cun’c if the exploring electrode is i>aired with a loft leg 
electrode (GF lead) even tliough the enrve obtained from the same 
point by using the right arm elect rode as the reference point (C’R lead) 
is within noi'inal limits. The opposite .sit nation ina.v also arise. It ha.s 
also been ohserved that in certain cases of cardiac infarction in wliieli 
diagnostic changes are ]>resent in the standard limb loads, CF loads 
display tlic most .striking, and OC leads (lo;ids from the prceordinin to 
a left ann electrode) the least striking, changes. Those ohsorvations can 
not, however, be interi^reled as indicating that CF leads are always 
more reliable in the diagnosis of infarction Ilian i>rceordial leads of 
other kinds. There will lie less confusion with reference to the effect 
of the remote electrode if it is clearly nndei'stnod that each G'l? load 
is erpial to llio corresponding CF load pins standard Lead IT ; that eacli 
CL lead is equal to the corrcsjionding CF load jiUis Load III; and that 
each central terminal lead is equal to tlie corresponding 01'' lead pins 
one-tliird the sum of Leads 11 and 111, and is tlie algebraic mean of 
the CR, CL, and CF leads fi'om the same ]ireeordial point. 

The Committee does not dc.siix* at tin's time to make any recommenda- 
tion bearing on the question as to whether jirecordial leads slunild lie 
taken routinely or in selected ca.ses only. It helioves lliat, ])rocordial 
leads are most likely to yield information of diagnos'tie. importance 
under the following circumstances: (1) Wliencvev myocardial infarc- 
tion is suspeetod or must be considei'ed a possibility; (2) whonovoi' 
myocar dial disease is .suspeetod or must ])e considered a i)o.ssil)ility and 

J., 1°. 1 tJim; extroMittv cloctrodo.s • ■ ‘ ' 


. cimnop.t till' cehtivil 

re-sistances of any"' kind. '' Fu; (he“''sUut'ins''‘ I'Hon-onine 
Bonerally adopted. runner suuHcs .Miould bo made before this mctliod Is 
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Other methods of examination yield no imeqiiivocal evidence of cardiac 
disease: (3) -whenever it is hnportant to distinguish between right and 
left ventideular hypertrophy or between right and left Inmdle hrancli 
block and tliis can not he satisfactorily done by other means; (4) wlien- 
ever for any reason a complete cardiac study is indicated. 

Arlie R. Baines.. 3LD. 

Harold E. B. Pardee. iM.B. 

Paul D. '^ite, 3LI). 

Frank X. ATilsoin INLl). 

Charles C. ATolferth, 1M.D. 



Clinical Reports 


A CASE OF TKlCFSPll) INEl'I-M-’lC] ENCV WITil rNTSCAIi 
VENOIJR iniESATlONR IN T]1E EXTREMITIES 


0. M^ii.m.s Skx.snxiiacii, axu Ijrciiii: M". lIvTAi-r, 

BAI/riMOKK, I\h). 

ISEASE of tlic Irif-nspid vjihv; jind ils fliiiiral ;i.s[)('cl.s ))(;(*» 

■L-' do.scril)Pd and di.spnssod I'ully. and (In* cfitaria for diaiinnsis liavt.* 
I'.oen cloaiiy outliiu'd.''*' Pulsation oC llu* nock voins is one of (lit* iin- 
])()rtant i'oatures of tho syndrome. However, ])n).sa(i()ns of (lie veins in 
(lie extremities have heen less frequently noted, and esjieeially jmlsations 
in (he veins of (ho lower extromi(ie.s, the oeeiirrmiee of which is ap- 
parently nnieh le.ss eommon. AVe liave i-eeenfly liad tlie ofqiorliiriily of 
ob.sorviii'r a jiatient with (rieusj)id insiiffieieney who ju'i’senled remarl;- 
ahlo indsations in varicose veins of the leirs, and the a)))iaren1 rarity of 
this condition seems to warrant this reimrt. 


CASK KKI’OKT 

S. ir., fi 52-yo!ir-oI<i Iimi.'.cwifo, wa.*; aitinittcd to .'inotlier linsjiifal .latiiiarv 

JO, t!).'!.'!, complaining of congli and fever. Two weeks tiefore, slie Imd liad an at- 
tack of pain in tlio eliest wliicli was tyiiical of eoronavy occlusion. Ske liad been 
improving until tlie day iiefore admissam, wliea she devidoped a e.ougii and a rise 
in toniperatnre to ]•’. Physical examination revealed eardiae enlargemeni 

v'itliout inuriiiur.s, but over the middle of the sternum tliern was a .'•cratchv svstolic 
•sound which was thought to he a pericardial friction rub. 'J'licre was consolidation 
of the upjier lobe of tlie left lung, and a .‘^mall amount of fluid was jiresent at the 
base of the left lung. The liver was not, enlarged and there was no ]ieripheral 
ef enia. Slio was discharged after a liosjiilal stay of forlyeiglit dav.-*. The diagnosis 
was eoronary thrombosis and infarction of the left lung. 

The patient was readmitted to the same bosj.ital four years later heoai).**c of eon- 
gc.sfiyo heart failure. The heart was enlarged as before. At lliis time a blowimr 
sy.stolie murmur at tlie ape.v, a rough sy.slolie murmur at the base, and a blowing 
Msto ic murmur at the aortic area were do.scribed. The lieartbeat was totally 

and soft, but did not pulsate. There 
dis-m" e-'^'-emitics and large varicose veins of the legs. Tlie edciiin 

r appeared but hepatomegaly per.si.sted, ami, after six weeks, she was discharged 
and advi.sod to remain in bed. l u.irgi o 

hcr^t TT for the third time, four monllis after 

in-, 1 - conge.stive heart failure. Examination reve-iled 

tl 1 mumm " Z 
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over it a Joucl systolic murniur could be heard.'. No murmur was heard in the. 
popliteal space, and femoral arterial pulsations ' on' both sides were vigorous. 

Examination of the blood revealed a moderate hypochromic anemia. Chemical 
studies of the blood showed nothing abnormal. Urinalysis was negative except for 
a one-plus reaction for albumin. A roentgenogram of the chest showed great en- 
lar-euLt of the heart and calcification of the aorta. There was a large hydro- 
thorax on the right, with congestive changes in both lungs. Eluoroscopic e.xamina- 
tion revealed that both the right and left sides of the heart were enlarged; both 
borders moved in very slow but forceful pulsations. The same pulsations were noted 
aloncv the right side of the diaphragm, where they had a downward direction. The 
pulsations of the aorta were less in amplitude. There was no definite evidence of 
pulsation along the right border of the upper part of the mediastinum. These ob- 


Pig. 1. — The roentgenkymogram shows pulsations of increased amplitude, espe- 
cially in the region of the right ventricle. The ventricular pulsations are slightly ir- 
regular in amplitude. The pulsations of the aorta, superior vena cava, and the dia- 
phragm are synchronous and large. 



servatioiis ifere interpreted as being indicative of disease of the tricuspid valve, with 
hepatic pulsation. Koentgenkymographic examination of the heart (Figs. 1 and 2) 
revealed that the heart was enlarged in all its diameters. The right ventricle was 
markedly enlarged and showed increased pulsations. These pulsations were slightly 
irregnlar in amplitude. The pulsations of the diaphragm, aorta, and superior vena 
cava were synchronous and large in amplitude. All this again suggested disease 
of the tricuspid valve. The venous pressure, measured with the skin of the back 
in the interscapular area as the reference point,a was persistently elevated, in both the 
arms and legs. In the arms the venous pressure varied between 90 and 170 mm. 
of saline above the normal, and in tlie femoral veins it remained at about 200 mm. 
of saline above the normal level. Thei'e was a systolic pulsation in the manometer 
of 10 to 20 mm. of .saline with tlie needle in either fhe antecubital or femoral vein. 
The circulation rates were increased.^, n The arm-to-toug-ue time varied between 
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without previous cardiac complaints, experienced a sudden attack of sub- 
sternal oppression and collapse that was regarded as indicative of myo- 
cardial infarction. Subsequently she was thought to have had pul- 
monary infarction. No heart murmurs were recorded bj^ comijetent 
observers at that time. During the ensuing eight and three-quartei’S 
3 '^ears she had been limited to a semi-invalid existence because of cardiac 
insufficiency, and had been hospitalized twice because of heart failure, 
on which occasions the progression of the degree of heart failure and 
the development of various cardiac murmurs had been noted. Pour 
years before admission to the Baltimore City Hospital her liver was 
found to be enlarged and pulsating, but it was not until her last hospital 
admission that the extreme pulsations in the varicose veins of her legs 
had become evident and the diagnosis of tricuspid insufficiency was con- 
sidered. 

It is difficult to conceive of rheumatic valvular disease of such extent 
developing in a 60-year-old person who was known to have had no cardiac 
murmurs at the age of 52. That this patient had arteriosclerotic heart 
disease, possiblj'' one or more m.yoeardial infarctions, and marked cardiac 
dilatation and hypertrophy of long standing seems probable. The de- 
velopment of cardiac murmurs- eaii be explained by cardiac dilatation 
and valvular sclerosis, and possibly calcification. A further possibility 
is that there was an embolus in one of the larger branches of the pul- 
monary artery at the onset of her illness, with the subsequent develop- 
ment of pulmonary hypertension and right-sided heart strain, and that 
this was responsible for the clinical manifestations at the time of her ad- 
mission to this hospital. It is the pulsation in the varicose veins of the 
legs which is of greatest interest, and with this we are primarily con- 
cerned in this report. Although pulsations in the cervical veins almost 
always accompany tricuspid disease, similar pulsations in the veins of 
the extremities are less common. Kerr and Warren^^ noted pulsations 
in the veins of the anns and on the dorsum of the hand in a series of pa- 
tients with heart failure and relative tricuspid insufficiency, and such 
pulsations in the larger veins of the upper extremities have been noted 
by others, but visible and palpable pulsations in the veins of the lower 
extremities are less common. According to Kerr and Warren,^® Fried- 
reich, in 1866, reviewed the literature thoroughly for venous pulsations 
in the extremities, and he cited Marey, who, with Gaubler and Verneuil, 
noted pulsations in varicose veins of the leg in one case. Teufl,^^ in 1936, 
in a study of 32 cases of pulsating veins of the extremities, found 16 cases 
of pulsating varicose veins. This would seem to indicate that such pulsa- 
tions in the lower extremities are not at ail rare, but rather are either 
overlooked or neglected. Hallock and Clarke^^ have recently reported 
a case of pulsation in the veins of the neck, retinae, and upper ex- 
tremities, and in varicose veins of the lower extremities. 

In our case, no pulsation could be seen in the veins of the ocular 
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fundi and there were bnt slight visible pulsations of the distended 
veins of the arms. However, there were marlccd and vigorous pulsations 
of the cervical veins and in the varicose veins ol both legs. T ic pu s.i ion 
of the liver could be seen from a distance of several feet.. 

Polygrapliic tracings were made from the cardiac apex, carotid artery, 
juonlai- vein, liver, femoral artery, and the varicose veins of tlie leg. 
The liver and leg vein pulses were found to correspond with the ajiex 
lieat, and there was a similar relationship lietween the pulsation ni tlic 
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-Polygrapliic tracing.s from the carotid artery. iUEtiliH' vein, and liver, sliotv- 
iUB a 2-.1 ratio of the arterial and \ cnous pulNations. 


liver and leg veins and that in the femoral arteiy (Figs. 3 and 4). The 
temporal relations of the apex boat and liver and venous pulses varied 
slightly, but this was thought to be an artifact. Tlie conclusion was 
drawn tliat the t'entricular contractions originated the venous deflections. 

In one record, on which, unfortunately, no apex tracing was made, tlie 
liver and carotid pulses had a 2 to 1 ratio (Fig. 5). This was in- 
terpreted as meaning that, at that time, the insufficiency of tlie ti'ieuspid 
valve and the force of the ventricular beat were sucli that complete re- 
gurgitation through tlie incompetent tricuspid valve, ratlier tlian open- 
ing of the aortic valve and ejection into the aorta, occurred every second 
beat. Subsequent tracings failed to show tin's plienomenou; instead, 
there was always a 1 to 1 ratio of the apex, carotid, and liver pulsations. 
In a few tracings from the jugular vein, small deflections preceding what 
appeared to be C waves were noted. However, thej' woi’e never clear 
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enoiigli or large eiiougli to be definitely called 
dence of auricular activity was ever obtained. 


wa\ es, and no clear ovi- 


The venous pressure in the antecubital and femoral veins was ahvavs 
elevated, even after the cardiac status of the patient had improved and 
she had become free of peripheral edema and gross puhnonary conges- 
tion. Likewise, the circulation times were persistently prolonged,''al- 
though the arm-to-lung circulation time was but moderately increased 
as compared with the arm-to-tongue time; the latter was consistently 2 
to 3 times larger than normal. This was surprising, in view of the out- 
standing evidence that the heart failure was iiredominantly right-sided. 


CONCLUSION 

A ease of tricuspid insufficiency with venous jmlsation in the neck, a 
markedly pulsating liver, and pulsation in varicose veins of the legs is 
presented. 


We are indebted to Dr. E. J. Leopold, of Sinai Hospital, Baltimore, Mar 5 'land, for 
perniismon to examine tke records of this patient’s admission to' that hospital. 
Dr. 0. McC. Broolcs, of tlie Physiology Department of the Johns Hopkins Medical 
School, was kind enough to interpret the polygrams. 
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ENDOCARDITIS CAUSED BY THE MICROCOCCUS PHARYNGIS 
SICCUS : RECOVERY AFTER TREATjMENT WITH 
HEPARIN AND SULPAPYIHDINE 

SIiLTON R. Weed, M.D., Mum Ce<vpper, i\r.D., and 
Gordon B. Myers, JM.D. 

Detroit, Mich. 

E ndocarditis caused by the Micrococcus iiMrijncjis siccus, wliich 
is ordinarily a nonpathogenic inhabitant of llie upper respiratory 
tract of man, has been reported four times.’"* Endocarditis caused by 
closely related organisms which may be indistinguishable bactcri- 
ologically^ from the Micrococcus pluiryngis siccus is also rare ; one ea.se 
of Micrococcus catarrlialis endocarditis,® two cases of Micrococcus phar- 
ynejis flavus endocarditis,"’® and two cases of endocarditis caused by 
similar, but not identical. Gram-negative cocci®- have been reported. 

We are reporting an additional case of endocarditis caused by the 
Micrococcus pharyngis siccus. This patient, unlike any previously re- 
ported, is apparently cured. One year after her acute illness she was alive 
and well. Recovery occurred during November, 1940, while heparin and 
sulfapyridinc therapy was being employed. The clinical diagnosis was 
based upon the following evidence: (1) multiple embolic phenomena, 
manifested by meningitis, attacks of acute, left-sided, upper abdominal 
pain, occasional erythrocytes in the urine, crops of white-centered 
petechiae involving the mucous membranes, retinae, and finger tips; 
(2) a changing heart murmur; (3) two positive blood cultures for 
Micrococcus pliaryngis siccus before treatment was begun; and (4) the 
absence of a demonstrable focus for emboli other than the heart. 


case report 

H. J. (X-15.B.S9), a 14-yeaT-okt, colored schoolgirl, was adarittod to the Detroit 
Receiving Hospital Oct. IG, 1910, in an irrational and semiconscious condition. 

The patient had apparently been well until Sept. 28, 1940, eighteen days before 
her admission to the ho.spital, wlien, on the lust day of lior menstrual period, .she de- 
veloped a dull, frontal headache and felt feverish. These symptoms were attributed 
to playing too long in the sun without a hat. The headache persisted, and radiated 
from behind the left eye across the forehead and to the verte.v. On the second dav 
of her illness blurring of vision appeared. After .she had been ill about a weclc 
without improvement, she was seen by a physician. He reported a temperature of 
103° P., diagnosed “acute sinusitis,” and advised rest in hed. 

During the second week, the patient’s condition grew worse. Her headache be- 
came more severe, the blurring of vision was more marked, and her neck became 
stiff. She continued feverish, and, for five or six day.s, vomited all solid food, and 
most liquids, Finally she became semistuporous and irrational. She was again seen 
by a physician, who sent her into the liospital. 


Department ot Medicine. 
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The past history and family history were not eontrifautory. Tlie patient had 
never liad rheumatism, joint pains, growing pains, frequent noselDleeds, sore throats, 
or chorea, and no physician had ever reported a heart murmur. 

Physical examination revealed a well-developed but critically ill colored girl who 
was dehydrated, irrational, and resistive. The temperature was 103. G° F, the pulse 
rate, 150, the respiratory rate, 28, and the blood pressure, 110/00- 

The pupils reacted to light. In the conjunctival sacs there were numerous white- 
centered petechiae, both discrete and coalescing. Numerous hemorrhages, some with 
white centers, were present in both retinae. The optic discs were hjqjeremie, with 
indistinct margins and loss of cupping. 

Scattered over the mucous membrane of the mouth, particularly on the palate, 
were more petechiae, many with white centers. The tongue was dry and coated, and 
the breath foul. 

The neck was stiff, and the Kernig and Brudzinski tests were positive. The tendon 
reflexes were hyperactive, but equal, and ankle clonus was elicited. The Babinski 
reflex was present on the right. 


DATE 1940 n/i 



Pig. 1. — Chart illustrating cour.se and treatment in case of Micrococcus pharyngis 
siccus endocarditis ; described in text. 

The lungs were normal. 

The heart was of normal size; it was rapid and regular, and there was a rough 
■sy.stolic murmur over tlic entire preeordium, loude.st at the ajoe-X, and transmitted 
toward the axilla. No diastolic murmur was heard. 

The abdomen was held voluntarily rigid during the examination, but there ap- 
peared to be some tendernes.s in the left upper quadrant beneath the costal margin. 
The spleen and liver were not felt. 

A splinter hemorrhage was present under the fingernail of the left index finger. 
There was no clubbing. 

Laboratory examination on admission showed a slight trace of albumin and 5 
leucocytes per microscopic field in the urine. The leucocyte count was 37,200, with 
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92 per cent ncutroplulc; the hmosloWn ^v«. 10 G>u. The lOaotl Kl.no ronolion 
was nerrativp. On luinl.ar punctilio, Hio initial pressure was 2(50 nun. of water. 1 l.o 
spinal fluid was turbid, and contained a .slipl.t trace of frlolnilin. Tbe spinal fluid 
coll count sl.owed 205 leucocytes, of which 95 per cent wore noutroplulos; llio Kl.no 
reaction was positive, and the dextrose content was 70 mj;. per cent. Ko orRanisnis 
wore found on diicct .smear of the .sediment, and cidtnre was nefjative. lloentfieno- 
grams of the clicst and j.aranasal sinuses were iiogalive. 

Bactefiologic St i(diV.s.— Blood cultures which wci'c tahen on the day of admi.ssion 
and two days later yielded a Gram-negative, hcan-shaped diplococeus after al.out 
forty-eight hours’ ineubation. On blood agar the colonies appeared dry and grayish, 
and crumbled when removed. Agglutination tc.sts with antimeningococens .scrum 
were negative. Spontaneous agglutination occurred in physiologic, saline solution. 
In fermentation tests, the organisms produced acid in dextrose, levuloso, maltose, 
and sucrose, with no reaetion in inctose, galactose, innlin, mannitol, and dulcitol. 
Because of these observations the organism was identified as .iricrnroccii.s })har>jn<)is 


siceux in our laboratories, and this identification was confirmed by the lahoiutories 
of the Michigan State Hcaltli Department. 

Coiir.se (tiul trcfltiiient are charted in Fig. 1. 

Sulfapyridine was begun on tbe second liosjiital day with an initiiii dose of 5 Gni. 
Ttiis drug was administered (Iiereaffer in doses of 4 to li Gin. daily from Octolier 20 
to November 22, .save for tliree days when it was .stopped liocause of a mistaken 
fear that it might be playing a role in the patient’s rapidly increasing ancmiu. One- 
sixth of the daily dose {0.0 to 1.0 Gui.) was given every four hours, day and night. 
Tile blood level was maintained between 4.0 and 0.0 mg. per 100 c.e, during this 
tliirty-fhrce-daj’ period. On tlic day after the first administration of sulfapyridine 
tlie blood cultures bocanic negative, and tliey remained negative thereafter.*' On 
the second day, tlio temperature fell to normal, but, after a chill, it beeame .sejitic 
again within thirty-six hours. 

The patient continued critically ill, and hud a rapidly increasing anemia, .«o that 
transfusion was required. Almost every day new hemorrhages and whitc-eoiitcrcd 
pctechiae appeared in flic conjunetivae, retinae, or mucous menibraiios. One day a 
transient paralysis of the left external rcctii.s ociili was demoiistrntcd ; fliero wore 
two sudden attacks of left upper quadrant pain, us.sociatod with vomiting, and occa- 
sionally the urine showed erythrocytes. The apical systolic murmur beeame harsher. 
The electrocardiogram, which was norinnl on admission, sliowed transient inversion 


of the T wave in Lead I and transient flattening of the T wave in Lead IV-F, The 
patient’s neck remained stiff, and another lumbar puncture showed pleocytosis, 
increased globulin, and a jiositivc Kline reaction. 

On A'ovenibcr 1, the thirty-third day of her illness, and cloven days after siilfa- 
pyndino was begun, a supply of heparin was obtained, and an initial dose of 20,000 
units of Liquaemini was given intravenously. From November 1 until November 21, 
in order to maintain the coagulation time at about fifteen minutes by Lee and 
White’s three-tube technique, 20,000 to SO, 000 unit.s of heparin, diluted with saline 
were given intravenously daily. The average daily dose was about 40,000 units! 
Sulfapyridine was continued. 


^ During two weeks of this combined therapy, the patient continued acutelv ill. 
Kew pctechiae were noted on November 5, 8, and l-'k On the fifteenth dav of 'com- 
bmed treatment, .she began to improve; her neck became less stiff, her' headache 
disappeared, she became cooperative, and Jier temperature fell to normal. Seven 
days later, after three weeks of combined heparin-sulfnpyridine therapy medication 
lias disc ontinued. Further recovery was uneventful. ’ 


*At this time, .sodium para-aminobenzoate wa.s not used in nni- am i n 
tbiquaemin. a brand of heparin, was Kindly ti.r^EnXH^or 



taiuik n 

I’lUNcni’Ati (jMNICAli l)'l'’,A'l'UIU'!H IN Il'lVH OAKHH OK jUiorOCOCCUK p/iarifUf/ift sicdik'l lONiXXJAHDl'riH 


















































WEED KT ATj. : ENDOCARDITIS 


551 


She has remainad well for one year. Examination on Xov. If, IRIl, revealed a 
well-devclopoa and well-noiirisliod prl who wn.s apparently in pood healtli. The 
temperature was 08° F., the pulse rate, SO, the respiratory rate, 20, the blood pres- 
sure, 118/80, and the weipht, 103 pounds (a pain of 32 pounds durinp file year). 
Vision was 20/40 O.D., .and 20/100 O.S.; this was correetihle to a0/.30 in both eyes. 
There was a whitish macular lesion in the riplit eye which liad fairly sharjdy defined 
edges, and several .small pipnented .spol.s were scon about the macula "f the left 
eve. Several small pipnented areas were also present on the soft jialate. I lu‘ lieart 
was of normal size, hut. roentpenographically, there was a .-ilipht increase in tiie 
left auricular curve. At the apex there was a rough systolic «iurmur, transmitted 
to the axilla, hut no diastolic murmur was heard. The pnlmoaic second sound was 
accentuated and .split. Ncurolopic e.vumiiialion was nopitivc. Laboratory .studies, 
including a blood culture and an clcetroeardiogram, showed notliinp uhnormai. 

DISCUSSION 

A review of all (he reported case.s of Micrococcus phari/ufiis siccus 
endocarditis is of some intere.st (Talilc 1). The piilicnts’ age.s ran*fcd 
from 14 to 27 years. Tliere were tln-ee males and two fenmles. Tlie on- 
set of the disease was uniformly sudden, willi headiiehcs, chills, fever, 
and general malaise. Other synijiloms depended u])on tin; areas af- 
fected by emboli. In two instances, the site of the cardiac lc.sion wtis iin 
otherwise normal mitral valve; in two, valves previously damaged by 
rheumatism were affected. All of (he patients had rough cardiac mur- 
murs, all had striking embolic inanifeslntions. namely. ])eleehiiie, .sjdinlcr 
hemorrhages under the nails, splenic infarct.s, and i-cniil infjircts, and 
three had meningeal involvement. All had i\ considerable loiicofylo.sis, 
ranging from 16,000 to 37,000. The course of the illne.ss W!is acute in 
three cases, in which death oceuiTcd on tlie foiirlecnth, eighteenth, and 
twentieth day, respectively, after onset. One patient lived IhiiTeen 
weeks, and one, with meningeal involvement, who was treated with 
heparin and sulfapyridinc, is apparently cured. 

SUMMARY 

A case of Micrococcus phunjngis siccus endocarditis is reported. This 
patient, who was acutely ill, and had meningeal involvement, multijde 
wliite-eentered peteehiae, occasional hematuria, and changing cardiac 
murmur, was treated with heparin and sulfapyridinc, and recovered; 
she has remained well for one year. 

Four other previously reported cases are reviewed. 


ADDENDUM 

The patient was in good health when re-examined in February, 15)43 
The cardiac signs were similar to those of Nov. 14, 15)4] . 
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Correspondence 


To THE Editor : 

Our attention has just been called to the article by Patterson, Clark, 
and Levy, entitled “A Comparison of Eleetrocardiographie Changes 
Observed During the Anoxemia Test on Normal Perso7is and on Pa- 
tients With Coronary Sclerosis,” which- appeared in the American 
Heart Journal, June, 1942, p, 837, and to the appended criticism of a 
paper by Burnett, Nims, and Josephson on the same subject in an 
earlier issue of the same journal. We have followed closely the work 
of the Colorado group, and, in our opinion, an analysis of the various 
articles published liy Levy and his eoworkers will suppoil the unfavor- 
able view of this test taken by Burnett and his group. 

The method followed by Levy in the development of his criteria has 
evidentl}’’ consisted of subjecting a group of persons who are normal 
with I’espect to their eoronaiy circulation to the anoxemia test, and re- 
garding all of the responses encountered as negative. Through the de- 
vice of repeatedly revising their previously published electrocardi- 
ographic criteria for coronary inadequacy, they arc now able to present 
data which show that all normal persons in their series exhibit a nega- 
tive response. But this othenvise desirable fealure of their test has 
been obtained at the expense of very largely destroying .its ability to 
uncover hidden or subclinieal coronary insufficiency, and of seriously 
diminishing the percentage of abnormal persons who respond witli a 
positive reaction. Indeed, in their latest paper, only 49 per cent of the 
patients on whom the Levy group had made the clinical diagnosis of 
eoronaiy sclerosis were positive reactors. Under these conditions, it 
seems pertinent to ask how much additional information a clinician 
may expect to get from the Lev}-^ test, in as much as the criteria make 
it unlikely that subclinieal eoronaiy insufficiency will be revealed, and, 
further, will, as like as not, provide a false negative response wlien the 
clinical observations point clearly to coronary sclerosis. On the other 
hand, any attempt to increase the percentage of positive reactors among 
the abnormal .subjects by increasing somewhat the anoxemie stress will 
result, as the Burnett group have shown, in a substantial number of 
false positive reactors among the normal subjects. 

The present unsatisfactory state of the Levy test is, in our opinion, 
due largely to two uncontrolled factors. The test, as now employed, 
is apparently not a direct measure of the status of the coronary circula- 
tion, but rather of myocardial anoxemia. The development of myo- 
cardial anoxemia under stress, however, is the net result of interaction 
between the eoronaiy circulation and a complex of compensatory re- 
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actions. A person with a normal coronary circulation may thus react, 
as a false positive because of a deficiency in these compensatory re- 
actions, or, conversely, unusually efficient compensatory reactions' may 
produce a false negative reaction in a person who lias a moderate dm 
gree^ of coronary insufficiency. In other words, the degree of myo- 
cardial anoxemia, and, lienee, the electrocardiographic response, does 
not necessarily reflect the condition of the coronary vessels. Anotlier 
unfortunate feature of the Levy test is the fact that the criteria are 
based primarily upon the clinical diagnosis. As is well known, the 
clinical diagnosis of coronary sufficiency or insufficiency is uncertain. 
In fact, it was this uncertainty which led the Levy group to attempt 
the development of a test. As long as the present criteria are used, 
therefore, the Levy test can hardly be expected to add much to the ae- 
c.uracj’’ of clinical diagnosis. The conclusion seems jnstified that some 
more secure foundation for the criteria must be found. Perhaps this 
will require the laborious correlation of the results of repeated tests 
with numerous and prolonged clinical observations, together with an 
analysis of the state of the ve.ssels post mortem. A tremendous task! 

Another important point at which we are in disagreement with tlie 
Ijevy group is the question of safety. These workers have, thcmselve.s, 
reported three in.stances of pulmonary edema and one of shock during 
the course of anoxemic stress. Although it is now recommended that 
no one should be subjected to the test twice in twenty-four hour's, docs 
not their own experience indicate that there is a definite hazard 1 
These criticisms of the Levj’- test are not made without a duo ap- 
preciation of the very great difficulties inherent in the task which they 
have undertaken. It is rather our wish to give expression to onr heliel' 
that the test, as yet, has not been developed sufficiently to Avarrant recom- 
mending its genei’al adoption by the profession at large. 

Richard W. Whitehead 
William B. Draper 
Denver, Colo. 


To THE Editor: 

With the final conclusion of W^hitehead and Draper I am in complete 
agreement, namely, that the time has not come when the anoxemia test 
should be recommended for general use. It certainly .should not he 
employed by those Avho do not understand the principles upon whicli it 
is based and who are unable to carry out the directions wliich hai'c been 
given for its performance. 

The answers to mo.st of the questions raised are to be found in papers 
published by my collaborators and myself, as well as in the addendum 
to the article which appeared in the American Heart Journal for June, 
1942, p. 837. For the sake of clarity, I will recapitulate, and a so ci e 
some of the experiences of others who IxaA'e u.secl tins jn'ocednrc. 
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1. Criteria for the normal response obviously must be ol)taincd from 
persons who present no clinical evidence of cardiac disease. Sucli noi- 
mals do not die within a short time, so that Ihe heart cai\not be exam- 
ined directly. 

2. The test was electroeardiographically positive in 49 per cent of 157 
eases of coronary sclerosis, and furnisbed presumptive evidence of coro- 
nary insufficiency, by the occurrence of pain, in another 20 per cent. It 
was thus helpful in the recognition of a diminished coronary reserve in 
69 per cent. Tlie importance of the occurrence of pain during the test 
has been fully disemssed (J. A. M. A. 117; 2113, 1941). Gilbert and his 
associates have used this method of induced anoxemia to study the effects 
of various drugs upon patients with angina of effort, depending solely 
upon the appearance of pain as an end point, (references in paper cited 
above) . 

3. Individual case histories liaA’c been given in detail to indicate how 
the test may aid in diagnosis in doubtful cases. In a .small number, 
postmortem examination has confirmed the results of the test. Serial 
observations over a period of years have already been reported. 

4. Neither Burnett nor his colleagues arc in a ])osition to speak of 
the safety of the test, or, ratlier, of its danger.s. They worked with a 
10 per cent oxygen mixture at an elevation of 5,000 feet, Avhicli means 
that the patients actually breathed the equivalent of an 8 per cent mix- 
ture. In addition, in at least six cases, through error, Burnett used a 
mixture containing 8.6 per cent, so that these subjects inhaled about 
7 per cent oxygen. As previously stated, because of the conditions of 
the Denver experiments, the rc.sults are not comparable to ours, and the 
conclusions drawn do not a^iply to the anoxemia test, which we have de- 
scribed. 

5. In the earlier period of our work several unpleasant reactions oc- 
curred. The test has now been made in our lalmratoiy almost 2,000 
times. lYe have advised that three precautions be observed. Only the 
first of these is mentioned by Whitehead and Draper, namely, that the 
test should not Im performed more than once in twenty-four hours. In 
addition, we have urged that it shov\ld not be carried out in the presence 
of congestive heart failure or Avithin four months of knoAvn cardiac in- 
farction. If these directions are folloAved, serious reactions may be 
RAmided. 

6. The electrocardiographic response does not necessarily reflect the 
condition of the coronary arteries; Ave have specifically stated that “it 
yields no information as to the nature or extent of the pathologic le- 
sions in the heart.” But it does serve as an index of the coronary re- 
serve, and, hence, of the adequacy of the coronary blood floAv. As in all 
functional tests, there must be a significant diminution in reserve be- 
fore a positive result is obtained. 
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A number of reports on the use of tlie anoxemia test Iiave been made. 
Among them are the following : 


I>r. Arlie R. Barnes, J\Iayo Clinic, Eoehester, Minn. (Proc Staff lileet 
Mayo Clin. 17: 316, 1942). The test was carried out on a patient "who 
was thought to have coronary sclerosis and who presented atypical symp- 
toms of angina pectoris.” After describing the changes observed in tlie 
electrocardiograms, which are reproduced, Barnes states; "I consider, 
therefore, that these changes are of sufficient degree and of a quality to 
CTufirm strongly the clinical suspicion that this patient had coronary 
insufficiency. On comparing the tracings before and during anoxia in 
a similar case in which the same question arose, depressions of the S-T 
segments were noted in Leads I, II, and IV-R. There seems little 
doubt that such changes are indicative of severe coronary insufficiency.” 

Dr. Harold J. Stewart, New York City (Letter). "We have been 
using your anoxemia test for fifteen months or so in my Sub-Department 
of Cardiology at the New York Hospital and Coiaiell University Medical 
College. We wished to accumulate data and form an impression from 
our own experience alDout the value of the test. We have been careful 
in adhering to the methods which you have devised and your technique. 
For six months we were running a fair number of tests, but in the last 
six months, because of staff shortage, I have had to limit the number 
to those requested rather than seeking eases to do. AYe have run seventy- 
five tests so far. 

"1. AYe have had no difficulties in doing the test and no untoward ef- 
fects have been encountered. We have kept in mind those cases in wluch 
you have advised against its use and the reasons for discontinuing a te.st. 

"2. AA^e did the test first in a certain number of normal individuals lo 
get the feel of the test, setting of routine, etc. 

"3. AA^e have used your criteria in analyzing the x’esults. 

"4. AYe have done the test in certain types of patients. Our re.sults 
have not been analj'zed, but I have the following impressions : 

"a. In those in whom clinically the symptoms appeared to be angina 
in order to see hoAv the correlation fitted in them, it seems that eitliei 
significant electrocardiographic changes or pain typical of their spon- 
taneous attacks or both may occur with breathing of low Oo. 

"b. Those with unusual distribution or occurrence of pain in winch 
the question of angina could not be decided clinically, in which theie 
might or might not be any electrocardiographic changes indicatino 
coronary artery changes, and in which objective help was needed . ^ In 
about half of these the test was positive and in about lialf negative. 

"e. Those who did not from history, etc., appear to harm angina ain 
the facts in the examination and the laboratory data di not 
cardiac damage, but who thought they had angina: In mo,st ot tlie.se 


the test has been negative. 

"I think that it is a useful test, and as my experience 
I get more confidence in how to accept the results. I 


with it incrca.sc.s. 
still want to see 
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the patient myseK and make the clinical estimate of the pain and then 
see how it links np with the test. If an ob.iective test parallels the clin- 
ical foldings frequently enough, both in a negative and a positive waj 
(i.e., tjqiical angina and normals) it seems justifiable to go from the 
positive or negative test to the clinical interpretation, and as time goes 
on and more of the cases come to autojisy, the basis uill be moie clciiili 
established, as you all too well emphasize. It may take jmtting to- 
gether the experience of many investigators over years to make this lat- 
ter correlation. I think you have been extremely careful in your claims 
for the test and have not stepped beyond the bounds of the content of 
your data in your own estimate of it.” 

Dr. Harold Fril, Lakeside Hospital, Cleveland, Ohio (Letter), “^fy 
results with the anoxemia test have been very satisfactory, and judging 
from clinical criteria there wore no false posit ives. In one case the chest 
lead was more strongly positive than the exercise lest. It is a diag- 
nostic help in border-line ca.ses, and parallels much the changes in the 
exercise test.” 

Dr. Nelson- G. Rus-scII, University of Buffalo, Buffalo, N. Y. (Lettei'). 
Di-. Kussell kindly sent me full clinical notes and the autoirsy ])roloeol of 
a man, 51 j^ears old, who gave a history of distress in the chest on ex- 
ertion whicli came on after walking three or four blocks. The electro- 
cardiogram showed no definite abnormality. The anoxemia test was 
positive, and pain appeared six minutes after the inhalation of 10 per 
cent oxygen was begun. The patient died suddenly one year and eleven 
months after the tost was made. Exainination of the heart at autopsy 
showed no cardiac enlargement. There was advanced atherosclerosi.s 
of all of the coronary arteries. The left was almost entirely occluded 
at its exit from the aorta, and the narrowed lumen contained a recent 
clot. The anterior descending branch was completely filled with an 
older, organized thrombus. The circumflex branch of the left coronary 
showed a thickened wall and moderate narroAving of its lumen. The 
right coronary Avas diffusely atherosclerotic, but its lumen Avas patent. 
No recent infarcts Avere present. 

S. A. Thompon and 1/. ,/. Raisbccl-, New York City (Ann. Int. Med. 
16: 495, 1942). These obseiwcrs used induced anoxemia in studying 
patients prior to cardio-pericardiopexy. They describe the criteria of a 
positive test, and state: “We liaA’c coiisidered such changes as evidence 
of a subnormal coronai'y blood supply.” The electrocardiograms il- 
lustrating the test in three of their patients are published. They add : 
“In no cases haAm Ave obseiwed the dcAmlopment of alarming symptoms 
or more than transient distress.” 

It is our hope that further studies will extend these observations and 
furnish additional evidence of the usefulness of the method. 

Robert L. Levy 
Ncav York, N. Y. 
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Selected Abstracts 


Kiely, W. I*., Hamilton, S. L., and Gellhom, E.: The Influence of Hemorrhage on 

Skeletal Muscle Tone. Am. J. Physiol. 137; 251, 1942, 

Hemorrhage leads in unanesthetized, decerebrate dogs to a rise in muscle tone 
n^hich is reversed on reinfusion of the blood. 

Adrenalin raises blood pressure and muscle tone but ephedrine is without effect 
on the muscle tone in concentrations which have a decided pressor effect. 

Hemorrhage causes a rise in muscle tone even when a fall in blood pressure is 
prevented by simultaneous injection of ephedrine. 

Bilateral denervation of the carotid sinus area does not prevent the rise in 
muscle tone during hemorrhage. 

Authors, 

Oalahresi, M., and Geiger, A. J.: Potential Changes in Injured Cardiac Muscle. 

Am. J. Physiol. 137: 440, 1942. 

Evidence obtained both electrographically and by means of a suitable micro- 
voltmeter indicates that the surface of an area of injury in the beating heart is 
the site of important changes in electrical activity during systole, and that the 
monophasic electrogram obtained from the injured heart results predominantly 
from potential changes at the electrode over the injured area. The authors’ obser- 
vations therefore stand in opposition to the traditional view in this regard, and 
they confirm the stand recently taken by several others. 

Authors. 

Shuler, R. H., Ensor, C., Gunning, E. E., Moss, W. G., Johnson, V.: The Differen- 
tial Effects of Respiration on the Left and Right Ventricles. Am. J. Physiol. 

137: 620, 1942, 

In dogs anesthetized by sodium barbital, direct cardiac volume changes were 
measured by' means of an oncometer during normal breathing, with the ventricles 
exposed to intrathoracic pressure changes. During inspiration there was an increase 
in total diastolic size and stroke volume of the two ventricles. This confirms the 
findings of Boyd and Patras (1941). 

Systemic arterial pressure decreased during inspiration in spite of increase 
total cardiac output during the same phase of respiration. 

Under sodium barbital anesthesia, a portion of the ventral chest wall was re- 
moved, the heart exposed, and paper markers afidxed to the heart so as to out me 
each ventricle. A window was sealed into the ventral chest opening, normal respira 
tion was reinstated, and motion pictures were taken of the heart. Successive sing e 
frames were projected, the area of each ventricle measured in each^ rame, 
these areas plotted together with simultaneous intrathoracic and carotid pressu 
The right ventricle showed increased diastolic size and stroke volume ’ 

spiration, while the same measurements on the left ventricle decreased, le rever.. 

was true during expiration. 
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The inorcn^ed (rins-U-lic !<ue !Ui.1 stroke of tlie ri«hl Vonlrieh' .loriot: 'osior'Atu.u 
suCKCPt. thnt more l.h.uii is ,mmiM-a into the Ut«Ks <lurin- that ">''Ie the .h-- 

creased diastolic sire and stroke of tiie left ventricle indicate Umt the Idot.d ts tvitlf 
held from the left side of tlte licart until the onset of exjiiration. 

Systemic, nrtorinl hlond uressiire meastiretiient.s on triiine.!, unan(>*.!heli?ed don:^ 
showed hut slight reduction of respiratory inttuem-c-: on lilood pre-'-tire uheti iiitra- 
thorneic, pressure influences were eliminated hy tlie u^e of ;i iltfiertmlial maiiomeler. 
These reductions are equivalent to siintilianeims intrathoriicic pre'-'-ures. litsl are not 
suflicient to eliminate respiratory tluctuation« in tdood pre-'-ure. 

Tho main factor re.'^ponsildtt for the arterial hhnid pres'-tire iluctuations of rer-pira- 
tion i.s tho ehatiging oulpnt of the left \entricle. A .-inU' arrhythmia and ilire-t 
influences of intrtithoracic jires'^tires may modify somewhat thc''e hlootl prci'-ure 
changes. 

Kach ventricle responds ind\'pcndcutly in nccotdtince with tin* .‘'tatling ptincipha 
regardless of the diastolic sire of the other vi-ntriele. 

AfTJtor;e, 


Woodhuryq R. A., and Robertson. G. G.; The One Ventricle Pump and the Pul- 
monary Artcri.al Pressure of tho Turtle: The Influence of Artilicial Accclcr.a- 

tlon of the ncart. Changes In Temperature, Hemorrhage and Epinephrine. Am. 

.T. Phy.siol. 137: r.2S. 1P1‘J. 

The right and left aortic ]iTcss«te pulses of turtle- ate vyachronou’- and show 
equal pressures. Blo<id flow ami the syst<die pres-ure rise oceurs (•lightly earlier in 
the pulmonary artery than in tlte aortas. Huring the last part of sy.-lote tie' jmh 
monary ]iressure heeomes g tir imire inin. Hg todow that in the aortas. Iluring 
(linstole the {inltmmary pre-'-iire des.-ends more rapi'lly and to .a h.aer value thtiu 
tiiat in the stortti.s. 

Xo evidence w.a-- olitaimv! that the venlrh-te rettiim* any .'•ignifictvnt re-iiiiud vol- 
ume of hhiod ‘it the end of tile ejection jicriod. Tl'c cardiae ouljuif in turtles is in- 
creased hy an incre;i“ed heart rate ami, 'or an inereasi-d diastolie filling of the 
ventricle. 

Cooling or warming the turtle respectividy lowers or eh-vates the jmlmonarv sys- 
tolic. and diastolie pressure. .\t hody temperatures near d'’ dia'-tole is exccs-ivelv 
prolonged. Tliis is vagtd in origin. 

The presence of only one ventricle eiiuhlcs the turtle to rcgojlatc elTeeliVfdv the 
disfrilnifion of hlooil flow hetween the systiunie, and j'nlmonary areas. If the need 
arises (after Iieniorrhage ) hlood flow ran he diverted into the sy.-temic ve.ssels hv 
closing off tho orifice of tlie jiulmonary artery during tho greater part of sv.-t<do 
and hy reducing the size of the pulmonary arteriid reservoir. 

Epinephrine IfCl administered int rnvascularly increased the jn-ripheral resistance 
of the sy.stemic vessels, increased the muscle tone of the gieaf pulmonary arteries, 
hut gave no evidence of any effect upon the pcrijdieral resistance of tin* piilmmiarv 
circulation. 

A<:Titoi:.(t. 


Warren, J. V., Walter, C. W., Romano, J., .and Stead, E. A., Jr.; Blood Flow In 
the Hand and Forearm After Paravcrtcbr.-tl Block of the Symp.Uhctlc Ganglia. 
Evidence Against Sympathetic Vasodilator Nen'or. in the Extremities of Man. 
J. Clin. Investigation. 21: GO.l, )f).J2. 


of supplying tlie right iqijier extremity 

of a norma .subject were mjOctod wit), novocain hy the pavavertehrnl route The 
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Complete absence of any vasomotor activity in response to sensory stimuli or 
deep inspiration indicated complete paralysis of the sympathetic ganglia supnlvine 
the right hand. The sympathetic paralysis produced a striking increase in blood 
flow. After the etfect of novocain had passed away the right hand was immersed 
in water at a temperature of 43° C. Local heat produced the same increase in 
blood flow in the right hand as had sympathetic paralysis. 

The fact that complete blocking of sympathetic ganglia produces full vasn 
dilatation in the hand demonstrates that inhibition of sympatlietic activity is suf- 
ficient to explain the vasodilatation which occurs in the hand when the body is 
heated. There is no necessity for postulating that the sympathetic neryes to' the 
hand contain vasodilator fibers. 

In the forearm, paravertebral novocainization of the sympathetic ganglia caused 
a six-fold increase in blood flow. A similar increase in blood flow ivas produced bv 
immersing the forearm in hot water (4C° C.). This indicates that removal of ail 
.sympathetic impulses to the vessels of the forearm produces as great a rise in blood 
flow^ as does heating the part. Inhibition of vasoconstriction adequately explains 
the increase in blood flow' which occurs when the body is heated, and there is no 
need to assume that the .sympathetic nerves to the forearm contain vasodilator fiber.s. 

The fact that neither heating the forearm nor injection of the sympathetic 
ganglia with novocain produces maximal dilatation in the forearm indicates that many 
of the vessels of the forearm are not under control of the sympathetic nervous sys- 
tem. It is suggested that the vessels of the skin of the forearm are under the con- 
trol of the sj’mpathetic nervous system, and that those of the muscle are not. 

Authors. 


Swank, K. L., and Bessey, O. A.: Production and Study of Cardiac Failure in 

Thiamine-Deficient Pigeons. Arch. Int. Med. 70: 763, 1942. 

A chronic deficiency of thiamine w'ithoul starvation will produce signs of cardiac 
failure in pigeons. 

This is preceded and accompanied by tachycardia and electrocardiographic ab- 
normalities. 

Necrosis of myocardial fibers with inflammatory cell infiltration occurs frequently, 
although late, in thiamine-deficient pigeons. 

The electrocardiographic abnormalities and evidences of cardiac failure in tlii- 
amine-deficient pigeons are accompanied by marked decrease in tlie cocarboxylase 
content of the heart muscle. 

The electrocardiographic abnormalities and the evidence of cardiac failure, if not 
too severe, respond immediately' to treatment cither with thiamine hydroehloi ide or 
cocarboxylase. 

Starvation alone or during thiamine deficiency produces bradycardia and fie 
quently variable heart block in jiigeons. 

The methods and mechanism by w’hich tachycardia and evidences of cai lac 
failure are produced in thiamine deficiency arc presented and discussed 
ge.sted that the tachycardia is due to vasodilatation, w . , 

accumulation of intermediate products of carbohydrate metabolism. us a- 
facilitates transudation of fluid from blood vessels to foim hydiopenc.uc luin 
other evidences of cardiac failure. In addition, thiamine , 

function of the heart, increases the tendency to cxtravasculai flui co ec ° ‘ 

results in terminal cardiac standstill. It seems probable that t ° .pj ’ 

in the absence of peripheral vasodilatation, causes bradycardia, lu ‘ 

most experiments involving such deficiency have been comp ica e ij ni. 
tion, which also is know'n to cause bradycardia. 


It is sug- 

rhich is caused by the local 


Authors. 
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Zeek, P; M.: Heart Weight. I. The Weight of the Normal Human Heart. Ar<rli. 

P.ath. 34; S20, 104". 

ana!y.sis of the woig^ils of hearts from 0"t; adult lualies in whicli was 
found no clinical or pathologic, evidenen of heart disca.se or of any commonly recog- 
nized cause of myocjirdial hypertrophy revealed the following factors to have an 
cfTeet on heart weight: sex, body length and state of body nourishment. No effect 
of age or race on heart weight was demonstrated. 

In relatively normally nourished males the weight in grams of a normal heart 
was found to lie 1.0 B. L. -2.1±40, B. L. being the body length in centimeters. The 
normal heart weight in normally nourished females was found to bo 1.7.S B. B. 
-21.o8±.S0. Since emaciation and obesity are parts of pathologic, processes, the vari- 
ations in heart weights found to bo associated with the.se conditions were consid- 
ered departures from normal. Therefore, bodies jiresenting these conditions weie 
not included in the series used for the determination ot standards for normal heart 
weight. These standards based on body length were found to be more accurate and 
more useful than the commonly employed standards related to body weight. 

AUTIIOK. 


Schleser, I. H., and Langendorf; The Significance of the So-Called P-Pulmonalc 

Pattern in the Electrocardiogram. Am. .1. M. Sc. 204; 72.0, 1!142. 

The P-pulnionale pattern i.s not pathognomonic of chronic pulmonary diso.'i.se, 
since it occurs in its absence, us it appears in a variety of other eonditions. 

P-pulmonaio in association witli low “voltage” in the limb lcad.s or with right 
ventricular preponderance ropre.=ont.s the characteristic electrocardiogram of chronic 
cor pulmonale. 

It is of diagnostic importance to distingui.sh tiic P-pnlmonale pattern from that 
seen in riieumatic, mitral stenosis. The P-wavc pattern can lie used as a diagno.stie 
hint in determining tlio cause of rigid ventricular prcjmnderance if both are found 
in tile same record. 

Further anatomic, tind roentgen ray correlation studies are necessary to establish 
definitely whether P-]nilmnnale is due to altered ])osition, increa.'-ed strain on, or 
liyiiertrophy of the right auricle. 

AUTIIOUS. 


Burchell, H. B.: Observations on Additional Instances of a Supernormal Phase 

in the Human Heart. .1. Lai). & Clin. ilcd. 28: 7, 1!)42. 

The presence of the supernormal period in the human Ivoart has been used to 
explain case.s of intoifcrencc di.s.sociation in which the auricles are beating more 
rapidly than the ventriclo.s, ca.'.es of paroxysmal Iioart block in which cessation and 
resumption of auriculoventricular conduction have a plia.sic dependency on the im- 
mediately preceding electrical events and cnscs of po.s.siblo para.systolic rhythm 
An example is given of each of tlie first two types of mechanism whicli are best ex- 
plained by the existence of a supernormal period in excitability of the conduction 
tissues. Case 2 is considered of .some importance, as it is another instance of the 
undoubtedly rare eases in which the supernormal period has plaved a role in the 
mamtenance of normal sinus rhythm. Following establishment of complete block 
the patient has remained in relatively good health for two years. 


luTiion. 
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^■‘ ^ Hypothesis of the Production of the T 

7Z J f Based on Electrokinetic Phenomena. J Lab 

& Clin. Med. 28: 168, 1942. , 


The nature of the T wave in the electrocardiogram sugge.sts that it is due to an 
electrokinetic cause and does not represent retreat electric disturbances. The struc- 
ture of the heart with its capillary bed is such that contraction could produce 
streaming potentials of the order of magnitude of the T waves. Pressure perfusion 
of the heart showed this to be entirely possible. Constriction of the unresponsive 
heart likewise produced this phenomenon. In addition it is shown that the T wave 
corresponds in time to the increase in pressure in the left ventricle. These observa- 
tions suggest that contraction of the heart with its resultant streaming potentials is 
responsible for the T wave in the electrocardiogram. 

Authors. 


Richardson, J. S.: Chest Leads in Congenital and Acquired Dextrocardia. Brit. 

Heart .1. 4: 80, 1942. 

Two cases of congenital dextrocardia with transposition of the viscera were found 
to have in chest leads, T waves that liad deflections in the opposite direction from the 
normal. 

In two eases of acquired dextrocardia, one had T waves in leads, taken from the 
right side of the chest, that resembled those of congenital dextrocardia in direction, 
but the other conformed to the tracing found in about 20 per cent of subjects with 
normally placed hearts. 

Author. 


Abbott, Gr, A., and Russek, H, I,: Calcareous Aortic Stenosis in a Case of 
Dextrocardia With Situs Inversus, Am. J, M. Sc. 204: 516, 1942. 

A case is presented in wliicli calcareous aortic stenosis (rlieumatic?) was found 
in a 43-year-old male with situs inversus. Electrocardiograms showed the effect of 
the conditions cited. There is no evidence of a similar case having been reported. 

Authors. 


Abramson, D. I., Fierst, S. M., and Flachs, K.: Effect of Muscular Exercise Upon 

the Peripheral Circulation in Patients With Valvular Heart Disease. J. Clin. 

Investigation 21: 747, 1942. 

Using the venous occlusion plethysmographic metliod, tlie rate of resting peripheral 
blood flow and the circulatory response to exercise were studied in a series of 29 
patients with insufficiency of the aortic semilunar valves, and in 16 subjects with 
mitral valvular disease. 

The average circulation in the hand was found to be somewhat diminished in 
both series of patients as compared with that for the control series, while the read- 
ings in the forearm and leg in the majority of the cases fell within the normal range. 

The post-exercise response of the blood vessels in the forearm to a specified araoiin 
of work was generally greater than that in the control group. 

It was concluded that, in the majority of the patients with aortic insufficiency or 
mitral valvular disease, no evidence was found to indicate that excessive vasodilata- 
tion or vasoconstriction exists in the vessels of the forearm or leg. 

On the basis of the results obtained with a period of exercise, it appears eitlier 
that the compensatory circulatory mechanisms elicited by such a stimulus are not as 
effective as normal, that the work is performed with less efficiency, or possib y iR 
both mechanisms are operating in this condition. 


Authors. 
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Cotton, T. r.: Some Aspects of Carditis. Brit. Si. J. 2: 473, 1942. 

Observations are made on tlie prognosis in carditis, based on the after-Instories of 
two hundred boys, average age 11 years. 

Bather more than one-half of the children with carditis are alive and slightly 
more than one-third are dead ten years after from four and one-half to six months’ 
treatment in a special convalescent home. The large number of untraeed cases 
prevents the author from concluding that the prognosis is more favorable when the 
stay in a convalescent home is increased from four and one-half to six months. 

Rather less than half of those who die within ten years live longer than five 
years after treatment in a special convalescent home. 

The death rate in children with mitral stenosis and aortic regurgitation is much 
higher than in those with mitral systolic murmurs, over a 10-year period. 

Children ivith moderate or considerable enlargement of the heart are less likely to 
live ten years than those with slight or no enlargement. 

Author. 

Strassmann, G., and Goldstein, P.; Syphilis of the Aorta and Coronary Arteries, 
Arch. Path. 34: 743, 1942. 

Sudden death caused by sjTihilitic aortitis associated with stenosis or occlusion 
of the orifice of one or both coronary arteries is fairly common. Syphilitic aortitis 
is often associated with arteriosclerosis of the coronary arteries. Seventeen of 
twenty-eight eases of sudden death caused by syphilitic aortitis with stenosis of the 
mouths of the coronary arteries investigated by the Office of the Chief Medical 
Examiner of the Cit}' of hfew York in Manhattan during the years 1940 and 1941 
showed moderate or advanced coronary arteriosclerosis. A combination of syphilitic 
aortitis with syphilis of the coronary arteries distal to their orifices is, however, 
rare. 

The case which the authors report showed a combination of sj^philitic aortitis 
and syphilitic coronary arteritis. The aortitis produced stenosis of the orifices 
of both coronary arteries and the arteritis resulted in marked narrowing of the 
lumen of the main branches of both vessels. In combination, these two proce.sses im- 
paired the blood supply of the myocardium and were undoubtedly responsible for 
the sudden death. 

Authors. 

Hamilton-Paterson, J. L,, and Castleden, L. I. M.; Intracaidiac Tumors. Brit. 
Heart J. 4; 103, 1942. 

Three cases of intracardiac tumor are described, a sarcoma, a “pseudomyxoma,” 
and an aneurysm, which produced signs and symptoms attributable to Ayerza’s 
syndrome, mitral stenosis, and pulmonary stenosis respectively. 

The origin of pseudomyxomata of the heart is discussed. It is suggested that 
they are not primarily neoplastic but are pedunculated thrombi as all their histological 
features may be reproduced in organizing blood clots. 

A classification of heart tumors is suggested: Benign tumors resulting from 
organization of blood clot— pseudomj-xomataj malignant tumors arising from any 
of the mesenchymal elements of the heart wall, the true sarcomata; and benign con- 
genital tumors arising from developing myocardial elements, the congenital rhabdo- 
myomata (dysontogenetic rhabdomyoma, hamartoma) . 


AUTHORS. 
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""iTXisr"*”' A.n. J. M,. 

The pathological findings in fifty hearts of patients dj-ing in uremia are reported 
i 0 lesion was found which could be considered characteristic of the uremic state 
In seven of eight cases with acute necrotizing arteriolitis of .the kidneys, an unusual 
endothelial hyperplasia of the cardiac arterioles was present. In no other type of 
renal pathology wa.s there any correlation with the cardiac changes There \vas a 
definite relation between the pre.sence of acute lesions of the myocardial fibers 'and 
the occurrence of clinical signs of cardiac dysfunction. 

WlLl.IAMS. 


Roth, G. M., and Sheard, 0.: The Effect of Peripheral Vasodilatation on Vaso- 
constriction; Determinations Made on the Basis of Blood Pressure of Normal 
Subjects. Am. .1. Physiol. 137: 695, 1942. 

In these twelve normal subjects, irrespective of the basal metabolic rate and 
irre.spective of the existing generalized peripheral vasodilatation, the response to 
the vasoconstrieting agent was not altered significantly. 

Authors. 


Eichna, L. W., and Wilkins, R. W.: Capillary Blood Pressure in Man. Direct 

Measurements in the Digits During Induced Vasoconstriction. J. Clin. Investi- 
gation 21; 697, 1942. 

In the normal-.sized digital capillaries of healthy subjects and of hypertensive 
patients, neurogenic vasoconstrictor stimuli brought about decreases in capillary 
blood pressure of fi-om 5 per cent to 33 per cent. 

Reflex vasodilatation in the digit, even when combined with local vasodilatation 
produced by liistamine, failed to prevent the fall in capillary blood pressure rvliicli 
occurred in response to neurogenic vasoconstrictor stimuli. 

The percentage variation in digital capillary blood pressure was considerably 
smaller than the percentage variation in digital blood flow which has been reported 
to occur during similarly induced vasoconstrictions. 

In the abnormally large digital capillaries of patients with Rajoiaud's disease and 
.scleroderma, neurogenic vasoconstrictions, and vasoconstrictions induced by the 
intravenous injection of epinephrin, were usually accompanied by decreases in capil- 
lary blood pressure. 

After interruption of the sympathetic nervous pathways to the digits of patients 
with Raynaud 's disease and scleroderma, neurogenic vasoconstrictor stimuli failed 
to induce in the sympathectomized digits either vasoconstriction or fall in capillary 
blood pressure. On the other hand, intravenously injected epinephrine continued to 
cause both vasoconstriction and fall in capillary blood pressures. . 

These observations have been interpreted as indicating (a) that although strong 
physiologic vasoconstriction mediated through sympathetic nervous pathways may- 
be accompanied by a fall in digital capillary blood pressure, the fall is i datively 
slight ; and (b) that the digital capillary blood pressure may remain at a relatively 
constant lev-el during wide fluctuations in digital blood flow. 

Authors. 


Schafer, P. W.; Body Pluid Changes in Neurogenic Hypertension and Total Para- 
vertebral Syonpathectomy. Proc. Soc. Exper. Biol. & jMed. 49: 327, 1942. 

Changes in blood volume, plasma volume, hematocrit and red blood cell count 
have been studied in hypertensive dogs subjected to total paravertebral sy-m- 
patheetomy and in sympathectomized dogs subjected to the procedure use . 
production of hypertension. It was found that dogs subjected to modulator ne 
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section ilcvelopca inurkcd hypertension nml u n.nrhcdly inereiised total Mood 
volume apparently dne to an increase in the cellular fraction of the blood. IVhen 
these (logs were subjected to total paravertebral syinpalhectoniy tln'.v regained 
approximately a normal total blood volume and their hypertension Mas markedly 
reduced; those changes M-erc apparently due to a decrease in cells alone as the 
plasma volume remained unchanged. Kormnl dogs subjected to total jmraverte- 
bral sympathectomy developed a .slight hypotension and a .slightly increased total 
blood volume dne to an increase in the jdasma fraction of the blood. Mhen these 
.sympatheciomized dogs ivere subjected to modulator nerve section they developed 
a moderate hypertension not associated with any significant change in total blood 
volume, cither in its cellular or plasma fraction. 

WlI.IAAM.S. 


Kempf, G. r., and Page, I. H.; Prodvretion of Experimental Hypertension and the 

Indirect Determination of Sy.stollc Arterial Prc.s.snre in Eats. .1. Lab. lllin. 

Mod. 27: 1]!)2. 1P12. 

Silk perinephritis and constriction of the renal artery by a silk tiiread both ('licit 
arterial hypcrtensi(m in rats of a (b'gree sufficient for assay of renal aniipri'ssor 
extracts. The preparation of hypertensive rats by tlu'se methods is described. 

The method of AVilliams, Harrison, and (irollmau for measurement of systolic 
blood pressure has been modified to iuen'ase its effect ivem'ss. 

AvTiroi:.s. 


Neumann, C., Cohn, A. E., and Burch, G. E.: A Study of the Influence of the 
Character of an Examining Boom on the Peripheral Blood Vc.ssebs of Normal, 
Hypertensive, and Senile Subjects. .1. Clin. Investigation 21: ti.')l, Hi-12, 

Objective evidence suiijiorts tlie l)eli(,>f that the conditions under uliieli physiological 
studies are e:irricd out must be suitably arranged, not only to assuie uniform lorn- 
peraturc, humidity, and state of digestion, but also less tangible factors such as the 
patient’s mental cotnfort and the degree of his relaxation. This was demonstrated 
by converting a “labor.'itory ” into a eonveiitionnl bedroom and by ob.serving ho(V 
the frociuency of reae.lion on the p:irl of |)crip)ieral blood vc.ssels increased wlu'a 
sensory stimuli were a])pliod at distant parts of the body. 'I’his observation was raade 
not only in the ease of groujis of Iiypertensive and senile subjects but nlso in in- 
dividual subjects studied under both types of environment. Couvprs('ly, in tense in- 
dividuals, to be unable to relax in tbe atmo.sjdiere of a “labonitory ” is evidence 
of the possible presence of an tibiujiinul ^(roei'ss. 

AvTiions. 


Butch, G. E., Cohn, A. E., and Neimiann, C.; Reactivity of Intact Blood Vo. 5 scls 
of the Pingerfj and Toes to Sensory Stimuli In Normal Besting Adults, in 
Patients With Hypertension, and in Senile Subjects. .1. Clin. Investigation 21‘ 
055, 1942. 


The tnetm reaction time.s in the tips of the fingers in uorinal (9.12) and in .senile 
persons (.9.80) ditler from tiiose in hypertensive patients (2.94), being more rapid 
in the hyperton.sivo and slo\ve.st in the senile persons. In the tips of the toes the 
general arrangement is the same, being fastest in hypertensive patients (9.24)' nnd 
slowest in the .senile (4.2.5). In the foe.s, the delay (bevoml the fingers) is of the 
same order of magnitude in each of the three groups. This can be accounted for on 

lenJr'f I “T' ailib-tioual 

cn^h of post-gangbomc sympjillietic tiber.s in order to reach the foes The stimuli 
used were ditluse light, heat, cold, pin-prick, .sudden loud noi.se (pistob.shot), .md 
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electric sliock. There was no significant difference in the normal group among the 
stimuli used in the reaction time or in any part of the total vascular response, such 
as time for the vasoconstriction to reach a maximum, degree of change in the 
volume of the pulse wave, time for recovery, and suddenness of response. It was not 
possible to group persons on the basis of their reactions to the stimuli. 

The stimuli, light and bell, which were applied while subjects were alone were more 
satisfactory than those which, ivhen applied, necessitated the presence of an ob- 
server. Psychological factors, often apparently very mild, influenced the responses 
signiflcantly, which indicated the extreme importance of recognizing them durin-^ 
peripheral vascular studies on conscious human beings. 

No correlation was found, provided a reaction to the stimulus occurred, between the 
reaction time and the state of the vascular bed of the part. The reaction time was 
essentially not affected by the fact that the vascular bed was already in a contracted 
or dilated state or was constricting or dilating when the stimulus was applied. This 
was not the case concerning the degree of change in volume of the vascular bed 
during the response. The more constricted the vascular bed at the time of stimula- 
tion, the less change in volume. 

In general, the data strongly suggest that reaction time was more rapid, the 
vascular response occurred more suddenly and to a greater degree and was over 
more rapidly, in hypertensive than in normal subjects. 

In the senile subjects, the reaction time was less rapid than normal and the 
vascular response occurred more slowl}', to a less degree, and the recovery was much 
slower. 

The reason for these differences in unknoum. These differences can be owing to 
changes in the vessels themselves or in factors outside the vessels such as the nervous 
system or in chemical states which influence the vessels. 

AtJTItOKS. 

Di Palma, J. R., and Poster, P. I.: Sensitivity of the Smallest Cutaneous Blood 

Vessels: Quantitative Responses to Graded Mechanical Stimulation and to 

Local Ischemia in Arterial Hypertension, Arteriosclerosis, and Certain Allied 

Disorders. J. €lin. Investigation 21: 675, 1942. 

The responses to graded mechanical stimulation, and to local ischemia of the 
smallest blood vessels of the skin of the ventral surface of the forearm, were quanti- 
tated in fifty patients with arterial hypertension twenty-five patients with arterial 
hypertension associated with arteriosclerosis, and twenty-three patients with arterio- 
sclerosis. Also included in this study were eleven cases of malignant hypertension, 
and thirteen cases of hypertension associated with various types of nerve hsions, 
which influenced their capillary sensitivity. These results were compared to similar 
studies of a suitable control group of thirt 3 '-two subjects. The implications of the 
abnormal responses obtained were discussed. The following conclusions uere 
reached. 

In the group with arterial hypertension, it was demonstrated that the responses 
of the small dermal vessels, as quantitated in this stud.y, are in no way significantly 
different from those of a comparable normal group. 

No relationship was found between the severity of the hypertensive process, ex- 
cluding the malignant phase, and the functional responses of the small cutaneous 
vessels. Many cases of very severe hj’pertension with diastolic blood pressures o 
over 130 mm. Hg. were studied, and showed normal capillary responses. 

The conclusions for the purely hypertensive group apply as well to those 
with hypertension associated with ateriosclerosis, and with imcompbcated nr en - 

sclerosis. 
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Of eleven patients with the malignant Byndromc of hypertension, ton had small 
blood vessel responses wliich indicated greatly decreased scnsitinty. This was espe- 
cially evidenced, in five of these patients, by a complete inability of the small dermal 
vessels to respond by reactive hj-peremia to local iscliemia. 

Thirteen patients witli hypertension complicated by a nerve lesion, ranging from 
a cerebral vascular accident to Parkinson’s disease, were found to have small 
cutaneous vessels as much as eighteen times more sensitive than the normal or hyper- 
tensive groups. Very irritable, small, dermal blood vessels may therefore exist even 
in the presence of arterial hypertension. 

The above conclusions suggest that the humoral agent now believed responsible 
for arterial hypertension does not exert its influence upon the smallest blood vessels 
in the benign stages of the disease but may do so in the later malignant phase. If 
this is confirmed, the quantitative responses of the small dermal vessels might serve 
as a criterion of the c.vtent of the vascular lesions in advancing hypertensive di.=ease. 

AUTIIOR-S. 

Katz, L. N., Shleser, I. H., Asher, B., and Perlow, S.: Prevention of Experimental 

Shock Following Venous Occlusion in the Dog by the Application of a Bigid 

Oast. Am. J. Physiol. 137: .589, 1942. 

In a series of thirteen dogs the application of a plaster cast for thirty-six hours 
to the lower extremities led to the .survival of eleven animals following venous occlu- 
sion of the limb. Only one dog died in shock. This contrasts with the development 
of shook in thirteen out of fifteen dogs following this operation when no cast is 
applied, death occurring in three and one-half to twenty-one hours. 

These results indicate that the cast bj' preventing the local accumulation of 
plasma fluid avoided the shock syndrome. 

The local fluid accumulation which occurred following the removal of the cast 
developed at a slower rate than in the control series. The absence of untoward 
results in the period following removal of the cast suggests that for the shock syn- 
drome to become established the loss of plasma fluids must occur at a rapid rate, 
a rate faster than compensating mechanisms can cope with. 

This casting procedure appears to be applicable clinically for use in both civilian 
and military crush injuries. 

Authors. 

Schecter, A. E., Cullen, M. L., and Freeman, N. E.: Tbe Production of Shock by 

Trauma After Spinal Cord Transection. Am. J. Physiol. 137: 710, 1942. 

The spinal cord was transected between the first and second thoracic vertebrae 
in eight dogs. The animals were studied two or more days after recovery from this 
operation. The muscles of one hind leg were traumatized by 1,000 blows with a 
rubber hammer, and the bones of the extremity were fractured with a heavy metal 
bar. Blood loss into the area of injury was restricted by binding the extremity. 
The adequacy of circulation was determined by measurements of blood pressure, 
peripheral blood flow, cardiac output and oxygen content of mi.xed venous blood. 
Pathological changes characteristic of shock were found at post mortem. A reduction 
of blood volume and hemoconcentration occurred after trauma in the presence of 
a well-maintained circulation and in the absence of e.xcessive blood loss into the in- 
jured extremities. These findings suggest the action of some factor capable of 
causing a reduction in blood volume not primarily due to excessive loss or to reduced 
circulation. 


Both. 
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^^rT.7’ t’ f""’" Thrombosis: Report of a Study of Fifty-Five 

Cases. .7. jr. A. Georgia 31 ; ise, 1042. ^ 

In the /ifty-iive ca-se.s reported, po.‘.terior fhrom),o.«is outnumbered anterior 
tlnonibosis by one. TJie mortality rate was 38 per cent. 

Author. 


Waldman, S.t A Method for Rapid, Repeated, Approximate Determinations of the 
Transverse Diameter of the Heart. J. Lab. & Clin. IHed. 28: 201, 1942. 

A simple method of immediate approximate measurement of the tinnsrcrse 
diameter of the heart i.s described, obviating to a certain extent the use of ortho- 
diagrams and teleoroentgenograni.s. Repeated studies in the same patient give 
excellent comparative re.«ults, and changes in tfie size of the heart are easily observed 
and recorded. Film is conserved, and time and expense are reduced to a niinimum. 

Author. 


Leach, J. E., and Sugiura, K.: Late Effect of High Voltage Roentgen Rays on the 
Heart of Adult Rats. Am. J. Roentgenol. 48: 81, 1942. 

Do.=e.s of from 750 to 7, .100 roentgens of 200 K.V. I’oentgen rays were given over 
the heart of adult rats. The animals were sacrificed at intervals of from four to 
fifteen months later and the hearts examined gross!}' and microscopically. These doses 
produced no demonstrable effects on the hearts. The fluid flow theory of Failla was 
applied to explain the relative resistance of the myocardium to roentgen irradiation, 

WlLLUJtS. 


Wheeler, Sir W. I. de C.: Ligature of Innominate Artery for Right Subclavian 

Aneurysm: End-Result. Brit. AI. J. 2: 422, 1942. 

Ligature of the innominate artery is not a difficult operation provided the exposure 
is adequate. Exploration, and the clearing of the deep surface of the manubrium 
stemi, are greatly facilitated by turning down the middle portion of the clavicle. 
In most cases this .sJiould be the first major step in the operation. 

If ligature of the innominate is seen to be necessary a portion of the sternum 
should be dmded and retracted upward.s with the inner end of the clavicle. This can 
be accomplished without di%ision of the first costal cartilage. 

Author. 


Westcott, F. H,: Social Aspect of Heart Disease in Industry. Kew York State J. 
Aled. 42: 955, 1942. 

Illness accounts for 75 per cent of lost time in a large commercial organi'/.ation, 
as compared to 25 per cent lost by reason of injuries. About S per cent of total 
time loss is due to cardiovascular disease. 

The amount of time lost for cardiac disease is greatest in the case of uti- 
examined and unselected employees and least in the case of those employed as 
group A risks. 

The percentage of cardiacs losing time is smallest in the D group— those not 
covered by disability— and highest among the older employees entitled to all disability 

benefits. . i Tc 

Chronic myocarditis with decompensation and arteriosclerotic cardiovascular is- 

ease constitute at least 50 per cent of all cardiac disability. 

By selective physical emplo.vment and a graded sick benefit plan, those emporces 
liable to lose time because of heart disease other than from acute accidentw, can 1 
segregated and given gainful work of a tj-pe in which further damage to a disease 
heart is avoided. Such a plan of employment eliminates the danger of setting up . 
social and economic inequality in the case of certain applicants. 


Author. 
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Bondy, B. K., and Altsclnile, M. D.: The Action of rnrmctlildc (Purfuryl-Tri- 

methyl-Ammonium lodid) on the Cardiovascular System in Man. Am. .T. AT. be. 

204: 3H 

The reactions of 29 patients to the parasympathomiinctio druf? Ihinnetlndo 
(furfuryl-trimothyl-iunmonium iodid) in pnrentcral do.sc.s of .‘i to 20 m{r., and in 
oral doses of 10 to .‘?5 mg., were studied. Particular attention was jiaid to its 
effects on the cardiovascular system. Transient fall.s of sy.stolie and diastolic 
blood pressures, tachycardia and rises of venous pressure occurred in patients 
receiving the drug parcuterally, Xo such reactions occurred in patients receiving 
the drug orally. The side reactions include flush, sweating and urgency of urina- 
tion. In the doses recommended for tlie treatment of atonic bladders (i.e., ,! to 
5 mg. subcutaneously or 10 to 25 mg. orally) llie.se reactions were not .«o marhed 
as to mahe tlie patient uncomfortable. 

Tlie drug may safely be repealed after an liour wben given snbcutnneonsly, 
or after 4 hours when given orally. 

Large doses of Furmethidc should not be given pavontcrally to old patients 
or patients with known heart disease, as the tacliyeardia and tnll in blood jires- 
sure may give rise to myocardial infarction. Very small doses sbonld lie used 
first in such patients, gradually increasing the dose after it lias been shown that 
the smallest doses are without effect. The n.sc of h^tirmethide by the oral route 
appears to be preferable in patients with heart disease. 

Patients receiving Furmethide parenterally should be kciit covered and in bed 
until the flush reaction has worn off, in order to guard against great losse.s of 
body heat during the sweating and vasomotor reactions. 

Authoks. 


Moia, B., and Quesada, R.: The Treatment of Arterial Hypertension by Thyo- 
cyanate. Rev, argent, do cardiol. 9; 41, 3942. 


Thirty patients with essential hypertension, with blond pre.^r-mres over 200 mm. 
Hg systolic and 120 mm. ITg diastolic were used in this study. Koiic of them 
were in the malignant jihasc or had eoiigc.stive cardiac failure. After more than 
4 years of treatment with usual therapeutic means, tliey received during 30 
months, as exehisive treatment, potassium thyocyniiale O.liO-0.00 gr. daily. The 
hematic concentration of the drug was explored weekly by the miero-metliod of 
Griffith and Lindaucr, slightly modified. 


The results obtained were good (group I) and 0 cases (20 per cent) with a 
decrease in blood pressure of 70-80 mm. llg systolic and 20-25 diastolic; fairly 
good (group II) in 33 cases (43.3 per cent) with a decrease of 30-40 mm. llg and 
10-15 mm. Hg systolic and diastolic pressure respectively. Greater doses did not 
alter the results in this group even when levels higher than 10 mg. of potassium 
cyanate per cent were readied in the blood. In the other 19 patients (30,7 ])er 
cent) the results were bad (group III). 

No relation was found between tbe condition of the eyegrounds and the results 
obtained. But it was found that patients in which the blood pressure was un- 
stable responded better to treatment by thyocyanate: the results in these patients 
were more favorable and persistent. 


All the patients of group I and some of group II were relieved of subioctivc 
symptoms, not so those of group III. Generally speaking the subjective anleliora- 
tion obtained by autoliemotherapy was more accentuated and lasting tluin with 
thyocyanate therapy, and moreover did not cause any of the disturbance which 
appear specially during the fir.st days of treatment in tiic majority of the patients 
whidi receive thyocyanate. Only two patients had intolerance phenomena- 
lenign enitrodernia which rapidly disappeared on withdrawal of the drug. 
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It IS concluded that the administration of thyocyanate should he continued 
only rvhen results comparable to those of group I are obtained or else, even if no 
reduction in blood pressure is obtained, -when the amelioration of subjective symp- 
toms IS greater than that udiicb can be attained by other therapeutic measures. 

Authors. 

Wood, E. H., and Moe, G. K.: Blood Electrol 3 rte Changes in the Heart-Lung 
Preparation With Special Keference to the Effects of Cardiac Glycosides. Am 
J. Physiol. 137: 6, 1942. 

The effects of digitalis glycosides on blood electrolyte levels have been studied 
in 75 heart-lung preparations and in a number of control experiments. In some 
of these experiments ■u'hole blood potassium, glucose, cell volume, and serum 
sodium, calcium, and chloride analyses have also been carried out. These analyses 
and calculations based upon these analyses lead to the following conclusions: (1) 
In an untreated control heart-lung preparation a variable degree of hemo-coneen- 
tration, a tendency for a slow increase in serum potassium, and a progressive fall 
of blood glucose occur. Constant changes in serum sodium, calcium, and chloride 
were not found. (2) Suitable doses of digitalis cause concomitant increases in 
external mechanical efficiency and blood and serum potassium along with a ques- 
tionable decrease in serum potassium along with a questionable decrease in serum 
sodium. Significant differences from the untreated preparations were not demon- 
strated in the other blood components studied. (3) Therapeutic doses of digitalis 
glycosides produce relatively small but apparently significant increases in serum 
potassium. (4) A positive correlation was demonstrated between the total dose 
of a digitalis glycoside and the rate of serum potassium increase both during the 
efficiency increase period and for the duration of the drug's action. (5) The 
increased external efficiency and increased rate of potassium liberation which 
occur after suitable doses of digitalis are concomitant phenomena but a simple 
relationship between these two actions of digitalis on the heart-lung preparation 
is not evident. (6) Little if any correlation was found between the time of onset 
of digitalis irregularities and the rate of serum potassium increase or the potas- 
sium concentration of circulating serum. (7) The relative potassium mobilizing 
powers of the glycosides studied correspond somewhat more closely to their rela- 
tii'e therapeutic activities than to their relative toxicities for the heart-lung 
preparation. (8) An increase in blood and serum potassium results from the 
action of suitable doses of digitalis glj'cosides in both the completely isolated 
heart and the completely isolated lung preparations. (9) The increased blood 
potassium resulting from digitalis action on the heart-lung preparation originates 
from both the heart and lung tissue. 

Authors. 


Katz, L. N., Killiau, S. T., Asher, R., and Perlow, S.: The Prophylactic Action 
of Desoxycorticosterone in Shock Due to Massive Venous Thrombosis. Am. J. 
Physiol. 137: 79, 1942. 


Experimental massive venous occlusion of a leg leads to a fall in blood pres- 
sure, a rise in hematocrit and an increase in the size of the leg amounting to 
2.3 to 6.9 per cent of the body weight. This results in death in 31,4 to from 
to 21 hours. Only an occasional animal survives (2 out of 15 in our senes). 

The administration of desoxycorticosterone acetate (DCA) over a period of 
24 hours previous to, and during the first 24 hours after the onset of the venous 
occlusion prevents the development of the state of shock and the ^ ' 

(8 out of 11 in our series) despite a loss of fluid comparable to tha in 

series. 
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When the DCA is not given sunicienlly early Before the onset of venous occlu- 
sion, the picture of shock and the mortality arc similar to tlioso of the untreatofl 
animals (death occurred in 8 out of 0). Horvever, the average time of death is 
delayed somewhat and the loss of fluid is greater. 

Evidence is given to show that DCA decreases the rate of fluid loss duo pre- 
sumably to some action on the oncotic pressure of the blood. 

The action of DCA in preventing shock and the development of an irrever.sihle 
state is due to some other mechanism in addition to its action on fluid loss frojii 
the blood. The nature of this action was not revealed by these .studies. 

AuTnoms. 


FolUs, E. H., Jr.; Myocardial Necroses in Eats on a Potassium Low Diet Pre- 
vented by Thiamine Deficiency. Bull. .Tohns Hopkins llnsp. 71; 2.1.'), lO-tfl. 

The production of thiamine deficiency fogethor witli potassium deficiency in 
rats exerted a protective effect in thc.se animals in lliut no myocardial necro.sos siicii 
as arc seen in potassium deficiency developed. Possitile explanations for (his “pro- 
tective” efFoet are considered. 

Unlike observations in certain other .species no cardiac change.s were ob.scrvcd in 
rat.s on a thiamine deficient diet. 

Changes in the kidneys eliaraeteristic of potas.sinm deficiency did develop in all 
animals whether potassium alone or pota.ssium togetlier with thiamine was lacking. 

In all but tuo of tiic sixteen potassium-thiamine deficient nnimals 7 iccrosc.s of 
the voluntary muscle fibers were observed. 


Author. 
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iioudiagnostic cliangos may oecur, as in tlie ease of myocardial ischemia 
particularly ui^ the presence of important pre-existing coronary liearl 
disease, and, third, that in many eases of pulmonary embolism one shoald 
not expect to find any electrocardiographic changes at all. 

The literature contains several contributions on pulmonary embolism 
in which most of the emphasis has been ])laced on the electroeardio- 
giaphie abnormalities. Not all the observers agree that constant varia- 
tions do occur. Confusion has arisen because of the failure to mahe the 
distinction between those with, and those unthout, acute cor pulmonale. 
Barnes" pointed out that patients with the greatest circulatory em- 
barrassment, together with features of shock, were the most likely to 
have the typical electrocardiographic changes. Love, Brugler, and 
Winslow- reported twelve cases of pulmonary embolism, of which seven 
showed all or most of tlie characteristic changes. Stewart, Kirk, and 
Smith® studied twelve cases of pulmonary embolism, in five of whicli the 
diagnosis was confirmed l)y post-mortem examination. These eases were 
selected from a larger group in which there were complicating factors 
which, by themselves, could modify the electrocardiogram. Tlieir ob- 
servations were essentially the same as those originally noted hy McGinn 
and White** and those to be reported in this paper. Scherf and Schbn- 
brunner® reported eight cases (no autopsies), in only one of which were 
there typical eleetrocardiographie changes. Sokolow, Katz, and Mns- 
eovitz'^ reported fifty unseleeted cases of ]mlmonary embolism, vitli 
twenty-seven autopsies, and reviewed the electrocardiographic observa- 
tions. Five patients showed the changes described as occurring in acvito 
cor pulmonale ; of the remainder, nineteen had heart disease prior to the 
oecuiTcnee of the em])olism, twenty-seven had eleetrocardiographie 
changes which, they said, may have antedated the embolism, and nine 
showed some of the characteristics of recent myocardial infarction in 
their electrocardiograms. They stressed the importance of putting tlic 
chest electrode over the right ventricle in order to obtain the typical 


inversion of the precordial T wave, which they attributed, as have we, 
to strain on that chamber. Horn, Dack, and Friodberg" studied forty- 
two cases of pulmonary embolism and found evidence of recent stni el ural 
damage in the myocardium in ‘eight cases. In these the embolism was 
recurrent, and several days had elapsed before death, allowing time, 
they considered, for sueb changes to occur. These authors believe that 
the myocardial changes were the result of ischemia, and that they ac- 
counted for the electrocardiographic variations. They suggest that 
diminished blood flow through the right coronary arlerj-, caused by in- 
creased tension in the right ventricle, may explain the resemblance oi 
the electrocardiographic changes in cases of pulmonary embolism to i wse 
in myocardial infarction of the posterior ivall. Some of the hearts 
which these changes were reported showed an increase in weight, nmscie 
hypertrophy, and disease of the coronary arteries. Wood,® m presently 
ten unseleeted cases of pulmonary emliolism, pointed out the result 
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different chest electrode positions on tlie prceordinl lead. He foinid that 
the T-wavc inversion was (1) maximal and for liio longest duration with 
the electrode in the right “])octoi‘al” position, (2) usually present, hut 
for a shorter time, when the electrode was in the left “peel oral” posi- 
tion,*' and (3) rarely present, and for the shortest time, with the clee- 
trode over the apex of the heart. He jdaced the indifferent, eleeti-odo on 
the right arm (the modern lY-H, or OR). Love, Riaigler, and Win.slow= 
produced pulmonary cm1)olism in dogs experimentally, using clotted 
autogenous hlood. Tliey concluded that dilatation ot the right, ven- 
tricle was the significant factor in altering the electrocardiogram, and, 
furthermore, that myocardial anoxemia and reilexes tlirough the, vagus 
or sympathetic nerves played no important roles. 


ACUTE COR PUIjMONAEE IN PULMONARY EMROLlSVl 


The acute cor pulmonale was descrihed hy IMcGinn and 'White' as the 
rc.sult of sudden distention of the right ventricle and auricle which 
followed ohstruction to the pulmonary circulation hy an emholus. Tho.v 
observed that certain consistent variations from the normal appeared 
in the electrocai'diograms of a numher of patients witli tlii.s condition. 

Ten additional cases of acute cor ])ulmonalc are now pi’csentod, with 
their eleetroeardiograms, to analyze further such changes as were noted 
in the original article. The cases were selected so that complicating 
heart disease and other factors which of themselves may modify the 
electrocardiogram were excluded. Five patients died, of which numher 
three were examined post mortem ; and five survived. 

For comparison, the data on ninety-two other cases of pulmonary 
cmholism, in forty-two of which the diagnosis was substantiated at 
autopsy, have been reviewed ndth particular reference to the electro- 
cardiographic clianges, and will be discussed lat er. 

The tj'pical variations which occurred in the electrocardiograms of 
the ten patients with acute cor pulmonale were (1) tlic presence of, or 
a tendency towards, right axis deviation, with a prominent S wave in 
Lead I (the S-T .segment may he slightly depressed in this lead), (2) 
a depressed S-T take-off in Lead II, followed Ijy a rising S-T segment 
and a low, upright, or diphasic T wave, (3) a moderate^" deep Q wave, 
slight convexitj' of the S-T segment, and an inverted T wave in Lead 

III, i and (4) a diphasic, or, more often, an inverted T wave in Lead 

IV. (Lead IV-P, as recommended hy the American Heart Association, 
was used throughout this study.) 

Although the signs and sjanptoms in cases of nonfatal pulmonary 
embolism with acute cor pulmonale arc becoming better Imown, the condi- 
tion^ of sufficient importance to demand a brief review of them. The 
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outstanding clinical feature is the sudden onset of dyspnea or oppressive 
anterior thoracic pain, with or ivithoiit a feelnig of faintness, accom- 
panied by rapid, shaUow respirations and tachycardia. The patient may 
show evidence of increased venous pressure, with cyanosis, distended 
neck veins, and an increased pulmonic second sound. If shock and 
collapse predominate, the patient becomes pale, cold, and clammy, shows 
a marked fall in blood pressime, and has a fast, thready pulse! ’ Jfany 
patients at first present the signs of increased venous pressure, which 
are soon foUoived by a state of shock. They may closely simulate 
patients ivith acute coronary occlusion when seen in this condition. 
Later, with the pleuritis which usually accompanies a pulmonary infarct, 
there may be pain on breathing, in one side of the chest or the other, 
or in the back, or even in one shoulder if the diaphragmatic portion 
of the pleura is involved. 



Fig. 1.— Case 1, M. H. P. A. February 23, 1940, three hours after first attack. 

February 26, 1940. 


B. 


TEN 2nEW C.:1SES OF ACUTE COR PUIAIONALE 

' Case 1.— M. D. P., a 70-year-oId v-oman, was admitted to the hospital 
10, 1940, with a dislocated left shoulder joint, complicated by a fracture ot S* ‘ 
tuberosity of the humerus-the result of a fall the previous day. ' 

carried out successfully uuder gas and oxygen anesthesia on February H. 
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valescence was uneventful until February 23, when the patient complained of a 
fainting spell, with substernal discomfort of sudden onset. She became very cyanotic 
and had difficulty in breathing. Tlie pulse rate was 100, and the temperature was 
normal. Shortly after the onset, blood pressure was 90/50; within a few hours it 
rose to 110/70. 

An electrocardiogram which was taken about three hours after the attack 
(Fig. 1-A) showed normal rhytlini, a rate of 105, a short, but distinct, S wave in 
Lead I, and depression of the S-T segments in Lead I and Lead II. In Lead III 
a small Q wave was present, and the T wave was deeply inverted. The chest lead 
was normal. She improved rapidly with the aid of oxygen. A roentgenogi'am of the 
chest on February 26 showed haziness at the outer border of the left lung, below 
the scapula. An electrocardiogram on February 26 (Fig. 1-B) showed normal 
rhythm and a rate of So. The S-T segments in Leads I and II had returned almost 
to the isoelectric line. The S waves in Lead I had practically vanished. A Q wave 
and a deeply inverted T ivave were still present in Lead III. The T wave in Lead IV 
was low and slightly diphasic. On March 4, the patient suddenly collapsed, became 
ashen, cold, and clammy, and had a very weak pulse. The blood pressure was 
unobtainable. Marked air hunger and respiratory embarrassment were obvious, 
and she died in fifteen minutes. 

At autopsy the heart weighed 350 grams; the right ventiicular wall measured 
4 mm., and the left, 14 mm., in thickness. Tire myocardium and the valves were 
normal. The right ventricle was slightly dilated, but the left was normal. Along 
the lateral portion and base of the left lung there was a wedge-shaped, red-brown 
infarct, 7 by 4 by 4 cm. A vessel proximal to it was occluded by a gray-red embolus. 
No other infarcts were seen, but ante-mortem emboli were scattered through the right 
lower lobe. The main pulmonary artery and its branches were occluded completely 
by a long, granular, coiled embolus. In the left popliteal vein, a red, granular 
thrombus similar to that in the pulmonary artery and its branches was present, and 
was partially adherent to the vessel wall. The left leg was slightly larger than the 
right. 

Case 2. — W. R,, a housewife, 40 years old and moderately obese, had injection 
treatment of varicose veins in both legs during 1937. In July, 1939, phlebitis oc- 
curred in the right leg, with thrombosis of the long saphenous vein, which became 
palpable up into the groin. A few days later she complained of a "chest cold,” 
with right-sided neuralgia that was thought to be the result of sitting in a draft. 
On August 16, 1939, she experienced acute precordial pain which radiated to her left 
shoulder and was accompanied by rapid, shallow respirations. After this attack she 
found that it was extremely painful to breathe deeply, or to move around or roll 
over in bed. On August 17, physical examination showed that she was well nourished 
and moderately ill. There was a slight malar flush and her cervical veins were dis- 
tended. The left border of cardiac dullness was 9 cm. from the midsternal line and 
1 cm. outside the midclavicular line. The heart rate was 135. There were no mur- 
murs. The pulmonic second sound was much accentuated, and louder than the aortic 
second sound. In the third and fourth left intercostal spaces, 1.5 cm. from' the 
sternal margin, a rough, sticky sound (pleuro-pericardial friction rub?) was heard. 
The blood pressure was 150/90. The lungs and abdomen were negative on exam- 
ination. In both legs thrombosed varicose veins were easily recognized. 

An electrocardiogram (Fig. 2) taken on August 17 showed sinus tachycardia, a 
rate of 125, and a tendency toward low voltage of the QES complexes. In Lead I 
an S wave was present, and the S-T take-off was depressed. In Lead II there was 
a gradual ascent of the S-T segment, and the T wave was flat. A prominent Q 
wave and deeply inverted T wave were present in Lead III. In Lead IV the E wave 
was small, and the T wave was very low. Early on the morning of August 18 the 
patient felt suddenly faint, but experienced no pain, and died shortly afterwards. 
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Case 3.^— F. B., a 22-year-old single woman, was admitted to the hospital April 
14, 1941. She had complained of intermittent pain in the right lower quadrant for 
two years. Physical examination was recorded as negative. An exploratory 
laparotomy was done on August 15 through a right rectus incision under spinal 
anesthesia. A mildly injected appendix and a small evarian cyst were removed 
and her immediate postoperative course was reported as satisfactory. Slio wa.s 
nervous and restless on the third postoperative day, and had a temperature of 
to 99.8° F., and a pulse rate of 90 to 100. No local cause was discovered which 
might explain the symptoms. Her appetite was not good during the subsequent three 
days. She was catheterized daily for the first five postoperative days, and diiriim 



: t 

Pig-. 2. Pig. S. 


Fig. 2. — Case 2, W. R. August 17, 1939, 24 hours after most recent attack. 
IP’ig’. 3 . — Case 3, F. B. April 24, 1941, 20 hours after first attack, 12 liours after 
second attack. 


tliis time she developed a profuse vaginal discharge, with considerable pain. > le 
"dangled” on the seventh day, and was out of bed walking in her room on the 
eighth postoperative day, April 23. That afternoon, wliile sitting in a chair, tie 
patient complained of a "full” sensation in her chest and of feeling faint Her 
face became cyanosed and she rapidly lost consciousness. Her respiration 
rapid and stertorous, and no pulse could be felt. O.xygen and stimulants n ere ap 
plied, and the patient soon revived. Her pulse was noted as thready, I'ca - an 

♦Presented through the courtesy of Dr. Sherman Golden. Beverly. Mass.achusett. . 
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regular, with a rate of 120. She was cold and perspiring profusely, and her respira- 
tions were rapid, but quiet. During the night she again became cyanotic, pulse- 
less, and complained of pain in her chest. Oxygen, stimulants, and digifolin were 
administered. 

On April 24, twenty hours after the first attack, a consultant reported that she 
was ashen, apprehensive, and extremely weak. Her skin was cold and clammy. 
The temperature was 96.8°, the pulse rate, 120, and the respiratory rate, 35. Her 
blood pressure could not be obtained. The cervical veins were visible, but not en- 
gorged. Her heart was not enlarged. A systolic gallop was present over the pre- 
cordium, and the pulmonary second sound was markedly accentuated and redupli- 
cated. At the base of the left lung, in the posterior axillary region, the breath 
sounds were harsh, but no rales were heard. The edge of the liver was palpated 
two fingerbreadths below the right costal margin. There was no peripheral or de- 
pendent edema. The urine was normal; the leucocyte count was 18,000, with 81 per 
cent polymorphonuclears. 

An electrocardiogram (Fig. 3), taken April 24, showed sinus tacliycardia, a rate 
of 125, and well-marked right axis deviation. In Lead I there was a deep S wave, 
with moderate slurring of the upstroke of this wave. The S-T segment W'as slightly 
depressed in both Leads I and II. Lead III showed a Q wave and an inverted T 
wave. The T wave in Lead IV w'as inverted. The patient died one and one-half hours 
after the electrocardiogram was taken, and twenty-three hours after the onset of the 
first attack. Permission for post-mortem examination was not obtained. 

Case 4. — F. W. H., a 73-year-old man, developed a slight feverish cold on Sep- 
tember 12, 1940, but was not incapacitated by it. He had an unproductive cough 
during the next two weeks. There 'was no history of chills, dyspnea, or chest pain. 
On October 7 he became feverish without observing any pain, and began to cough 
more than usual. Physical signs of consolidation of the right lower lobe were found 
on October 8 by his physician, who administered sulfapyridine. On October 11 he 
coughed up some bloodtinged sputum. When he was admitted to the hospital on the 
folldwing day, physical examination showed an elderly man, perspiring and mod- 
erately cyanotic, with an emphysematous chest. There •a-ere moderate impairment 
of resonance and distinct bronchial breathing at the base of the right lung; gen- 
eralized sonorous and sibilant rales were audible, and there were fine rfiles at the 
bases of both lungs. His temperature was 100°, his pulse rate, 80, and his blood 
pressure, 148/68. There had been no pre'vdous sjTnptoms of heart disease, and ex- 
amination of his heart on this occasion showed notliing remarkable. His leucocyte 
count was 20,000. The sputum w'as negative for 32 types of pneumococci. A 
“portable'’ roentgenogram of his chest, taken October 12, showed density at the 
right base suggestive of consolidation. 

On October 23, an electrocardiogram (Fig. 4-A) .showed normal rhjdhm and a 
rate of 120. There was a prominent S W'ave in Lead I, followed by a slight de- 
pression of the S-T segment. In Lead III there were a deep Q wave and a slightly 
inverted T wave. The T wave in Lead II’' was upright, but low. A second “port- 
able” roentgenogram, on October 22, showed mottled dullness in both lower lung 
fields that suggested a “ bronehopneumonie process.” On October 29, an electro- 
cardiogram (Fig. 4-H) showed normal rhythm and a rate of 95. An S wave was 
still present in Lead I, but was less prominent tl’.an in the previous record. The Q 
wave was deep, and the T wave was definitely inverted in Lead III. The T wave 
in Lead IV w'as definitely lower than in the first tracing. 

He improved during his stay in the hospital, and his leucocyte count fell to 11,000 
by November 7. The physical signs in his chest diminished considerably. He was 
to return home on November 12, but complained of pain in his right leg ■ft-hich had 
troubled him a little in the previous two or three days. Phlebitis in the calf was 
suspected, for which he was treated conservatively. On November 15 he suffered a 
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sudden attack marked by extreme dyspnea and intense eyanosis, and died nithin •, 
few minutes. »uuia a 

At post-mortem examination the heart rveighed 425 grams. The right ventricular 
wall measured 4 mm., and the left, 12 mm., in thickness. The myocardium wasTm 
and of normal color. The coronary arteries showed minimal sclerosis. There was 
no valvular disease. In the right ventricle a laminated, grayish, coiled thrombus 
lay twisted around the papillary muscles of the tricuspid valve. The pulmonarv 
artery was distended with a pale, thrombotic mass similar to that which lay in the 
right ventricle; it penetrated into both main branches and into many of the smaller 
radicles, almost to the periphery of the lungs on each side, and more markedlv in 
the upper than in the lower lobes. In the upper lobe of the right lung, adjacent to 
the interlobar septum peripherallj-, there was a sraaU, broTO infarct. In the posterior 
tibial veins of the right leg, approximately 6 cm, below the knee, there was an ad- 
herent clot, 5 to 6 cm. in length, similar in type to those described above. 



Case 5.— D. J. M., aged 26 years, was considered healthy until he coinplame o 
weakness while at work on May IS, 1936. He remained in bed at home 
an unproductive cough without chills or fever. After the patient s ea i, ' 
ily physician supplemented this information with the history of chest pam radmt 
to the back and towards the left side, associated with a sense of dizziness and - 
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ness. When ho tried to resume work, on Mny 25, lie noticed wealcncss and debility, 
with slight shortness of breath on exertion which had not been present before. 

An electrocardiogram (Fig. 5-A), taken May 25, showed sinus tachycardia and 
a rate of 125. Marked right axis deviation was pvc.sont. A deep S wave occurred 
in Lead I, and the S-T segment was depressed in the same lead. The T wave rvas 
loa' in Lead TL The S-T segments were elevated in Load IT and Load ITT. In 
Lead III there were a small Q wave and a deeply inverted T wave. Lead IV was 
normal. The patient was admitted to the hospital (May 20) because of the sus- 
picious electrocardiographic abnormalities and his unusual history. 



On physical examination the left border of his heart was 1 cm. outside the 
midclavicular line; the apex impulse was forceful and the rate was 120. The first 

“vTen SG/8n"’“" The blood pressure varied be- 

S 800 A ’ f 130/100, two days later. His leucocyte count was 
11,800. A second electrocardiogram (Fig. 5-B), taken May 20, showed normal 

T still prominent. The T wave in 

" if rf - - 

to broati 0, oi to 
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At autopsy his heart -sveighed 385 grams; the right ventricular vail measured G 
mm., and the left, 15 mm., in thickness. There was marked dilatation of the right 
ventricle.^ The vah^es and coronary arteries were normal. Gross and microscopic 
examination of the lungs failed to reveal any evidence of infarction or consolidation. 
In the right pulmonary artery there was a large adherent thrombus where the main 
vessel divides into the branches to the three lobes. It extended 6 cm. into the main 
artery of the right lo\ver lobe. Many adherent granular thrombi were found in the 
other branches of the right pulmonary artery. The arterial branch to the left upper 
lobe contained an adherent, drm, ante-mortem thrombus ; in the left lung the thrombi 
were more numerous in the smaller arteries than in the larger vessels. In the veins 
around the prostate and posterior part of the bladder there were numerous adherent 
thrombi. There was no thrombosis in the leg veins. Microscopically, the right 
ventricular wall showed much fatty infiltration between some of the muscle fibers 
near the pericardium. 



Pig. G —Case 6, F. C. A. N’ovember 14. 1940, 48 hours after second attack. R. March 

2, 1941, follow^-up record. 


Case 6.-F. C., an obese housewife, 61 years of age, tripped on a Jlireshold on 
October 15, 1940, and suffered a fracture and dislocation of lier left ankle^ 
tion was successful!}' accomplished on the following day under ^as ai 
thesia. The patient improved until November 7, when she jjatjou. 

pain beneath the upper part of the sternum, accompanred by ^--d respwMmm 
Rapid improvement followed without special treatment. ’iMule on a p 
November 12, she complained of severe substernal pain and temporanly lost 
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^eiousness. A nurse in attendance observed that slie was cyanosed and that her 
respirations were rapid and shallow. Her body became cold and clammy, her pulse 
was weak, the pulse rate was 130, and her blood pressure fell to 90/60. Later the 
patient said it was painful to breathe deeply; the pain was felt in the upper part 
of the left arm and in the left side of the chest. There was no hemoptysis. For 
an unstated time previous to this attack she had had pain in the calf of her left 
leg, but it was not of sufficient severity to cause her much concern. 

A week later, on November 14, physical examination showed slight cyanosis of the 
lips. The neck veins were not di.stended. The left border of cardiac dullness was 
8 cm. from the midsternal line, 0.5 cm. inside the midclavicular line. The rhythm 
was normal, and the rate was 70. A faint aortic systolic murmur was heard. The 
pulmonic second sound was slightly louder than the aortic second sound. The blood 
pressure was 106/70. A few moist rfiles were present along the left costal margin. 
Edema of the left leg was observed. There was delinite tenderness to pressure on 
the left calf and along the inner aspect of the thigh up to the fossa ovalis. The 
girth of the limbs just below the tibial tubercles was 16.5 cm. on the left and 14.8 
cm. on the right. 

An electrocardiogram (Fig. 6-A) on November 14 showed normal rhythm and a 
rate of 75. In Lead I a small S wave was present, and there was slight depression 
of the S-T segment. In Lead II the T wave was slightly diphasic. In Lead III a Q 
wave was prominent and varied somewhat with the respiratory phase, and the T wave 
was negative. In Lead IV an E wave was present, and the T wave was inverted 
and shallow. 

The patient improved considerably during the winter months. An electro- 
cardiogram (Fig. 6-B) on March 2, 1941, showed normal rhythm and a rate of 85 
to 90. The S wave in Lead I had disappeared, and the T wave in Lead M was 
upright and of normal amplitude. The QRS complex in Lead III was still largely 
inverted, and the deflections varied with respiration, as recorded in the first tracing. 
A high position of the diaphragui could best explain these variations in Lead III. 
In Leads II, HI, and IV the T waves had become upright. This record was, there- 
fore, normal. 

Case 7. — L. S., a single woman, aged 27 years, was admitted to the hospital 
April 30, 1938, with severe right upper quadrant pain radiating around to her back, 
which was aggravated by deep breatliing. The pain began fourteen hours before 
entry, and was only slightly relieved by morphine. There were no cliills, although 
she felt cold. She was nauseated, but did not vomit. There was no history of 
jaundice or stool changes. The record did not mention dyspnea, increased respira- 
tory rate, or tachycardia. A month previously the patient had had tonsillitis and a 
sore throat for four or five days. Eleven days before admission she complained 
of migratory arthritis, involving the right ankle, right knee, and left wrist. 

Physical examination showed a moderately ill woman who was breathing rapidly; 
her alae nasae were visibly active. There was evidence of localized consolidation at 
the base of the right lung. Gallop rhythm was present. The heart was not en- 
larged. The temperature was 104°, the pulse rate, 120, and respiratory rate, 25 to 
30. The leucocyte count was 11,000. The diagnoses con.sidered were (1) lobar 
pneumonia, (2) acute rheumatic fever, mth pulmonic involvement, and (3) acute 
cholecystitis. Roentgenologic examination of the chest on April 30 showed a trans- 
verse heart, a high diaphragm on the right side, and haziness in the bases of both 
lungs. The sputum was negative for pneumococci, and on culture gave a few 
colonies of alpha and beta hemolytic streptococci. A second roentgenogram taken 
May 2, showed definite consolidation of the right lower lobe; this was interpreted 
as pneumonia. ^ 

An electrocardiogram (Fig. T-J) on May 2 showed normal rhythm, a rate of 105 
and a small S wave in Lead I. There was a prominent Q wave in Lead HI. The 
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1 A a e m Lead IV ^vas inverted. The possibility of pulmonaiy infarction was su- 
gested because of these changes, together with the history. She improved until Mar 
6 when she suddenly developed a new pain in the right lower, anterior part of th’e 
chest and a slight cough without sputum. A roentgenogram on this day .sliowed in 
addition to the density in the right lower lobe, as before, other round areas of 
increased density in the middle and low'er portions of the right lung. There were 
linear scars in the lower lobe of the left lung. 



A. B. C. D. 

Eig. 7.— Case 7, L. S. A. May 2. 1938, GO hours after first attack. 

1938, 5 hours after attack of dyspnea, collapse, and side pain. 0. May 23, ivii, 
clinieallj' improving. D. April 2, 1941, no attacks since May, 1938. 

The course of her illness from this date was very stormy. She had a series of 
seven attacks characterized bj' sudden onset of pain in either the right or left side of 
the chest, severe dyspnea and tachycardia, and, in addition, a fall in blood pressure. 
Hemoptysis occurred at intervals. The periods between the attacks were very 
variable, at times four days, at other times, ten days. The patient became c.v 
tremely apprehensive, for she did not know at Avhat hour she might be seized by an ^ 
other frightening attack of severe dyspnea, ej'anosis, and collapse. Confiima orj 
e\ddence of ■ the pulmonary involvement was obtained by numerous detailed s u ms 
on this patient. The electrocardiograms (Figs. 7-J? and C) at first indicated s ram 
on the right side of tlie heart and the state of acute cor pulmonale. Later, as ta 
patient improved, tlie riglit axis deviation abated* During her hospita - a} 
physical signs of phlebitis were found. 
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8ix inontlis latcj- slio was well. Her heart was nrirniaV in size, and there were, no 
murmurs. The blood pressure was E55/0.'). Almost three ycar.s after her disehart;e 
from the hospital, an electrocardiogram (Fig. 7-J}), tahen in the upright position, 
showed normal rhythm and a rale of lO.u. Eight axis deviation was not present. 
Lead HI was inverted, and there was slight inversion of the T wave in Lead IV. 
She looked well and had no complaints. She was moderately obese, and her heart 
was transversely placed. 
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Mg. 8. Case 8, C. C. Oetoiier Isas. If, hour.s after Ilr.st attack. /I. Octdlau' 7 

loss. C. Jljircl) a, I'J Il. 

Case 8.— C. C., a 52-ycar-old man, entered a hosj)ital on September 21, 19.^S, wlierc 
cholooy.sfectoiny and appendectomy were performed under spinal anesthesia on the 
following day. Convalescence was uneventful except for au unexplained, slight 
fever of 99° to 100°. On the tenth postoperative day, October 2, when he “dangled” 
for the first time, he was suddenly seized with an attack of breathlessness and sub- 
stcrnal lieaviness. He became pale, cold, and clammy, his heart rate was 140 and his 
pulse of poor quality, and his blood prc.ssuve was 70/C0. Examination of his chest 
showed nothing abnormal. His heart was not enlarged, the .sound.s were poor and 
the pulmonaj .second sound was not accentuated. His nock veins were not visibly 
distendcd His log veins appeared normal. On ti,c si.xtecnth, twentieth, and twentv- 
^ixtli postoperative days he had similar but less severe attaclc.s, during which he ex- 

A^eWt c symptom-free, on November 2, 1938 

on October .3 (Pig. S-^), sixteen hours after the first at 
tack, showed normal rhythm, a rate of 100, and right axis deviation A decn 
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^ “ Lead TV ^-as diphasic. A traeinH 

(Fig. 8-B) four days later, on October 7, 1938, the fifteenth postoperative dav 
showed normal rhythm, a rate of 100, and a tendency towards low voltage. The 
degree of right axis deviation was less than in the first record. The depth of the Q 
wave and the inversion of the T wave in Lead HI were much diminished. In Lead 
IV the T wave showed definite, but shallow, inversion. A subsequent tracing (Fig. 
8-0), on March 3, 1941, showed normal rhj-thm and a rate of 95. An S wave per- 
sisted in Lead I. In Lead II the T wave was normal and in Lead W the T wave 
had become upright. 


1 


II 


IH 




Case 9. — C., a 60-year-old woman, entered the hospital February 23, 1940, a 
few hours after a fall. She was found to have a fracture of the neck of the left 
femur. On March 1, the hip was nailed under spinal anesthesia. Prior to tliis time 
there had been no symptoms suggestive of cardiac or pulmonary disease. Two days 
after the operation the patient complained of a sudden pain at the lower end of 
the sternum; this pain was of short duration. It was followed on the same daj hi 
the expectoration of bloodtinged sputum and occasional clots. Her temperature 
before and after the operation varied from 99° to 100° F. Physical e.xamiimtion 
on March 3 showed that the heart was normal. A few crackling rales were hear 
in the upper part of the chest and axilla on the left side. On the fourt i po^ 
operative day, March 5, she experienced a sharp pain at the right costal 
made worse by deep breathing and relieved by a binder. The temperature and pu s 
and respiratory rates were increased. The patient was apprehensive, ’ 
clammy. A pleural friction rub was heard in the painful area, and it was o - 
that the pulmonic second sound was accentuated. 

An electrocardiogram (Fig. 9-A), taken eight hours after this second attack, 
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showed right bundle branch block, with a wide S wave in Lead I, and a rate of lOo. 
There was a gradual ascent of the S-T segment in Lead IT. There were a Q wave, 
splintering and slurring of the QHB complex, and an inverted T wave in Lead III. 
The B wave in Lead IV was upright, and the T wave was deeply inverted. A. roen - 
genograni of her chest showed an area of increased density in the right lower portion. 
Again on the ninth and eleventh postoperative days, sharp pains occurred in the 
left side of the chest. Gradually she improved and did well for six weeks. ^ Then 
once again she experienced pain in the right side of her chest; it lasted this time 
for twenty-four hours, and was followed by expectoration of blood. At this time 
she complained of soreness and swelling in the lower part of the left leg. 

An electrocardiogram (Fig. 9-B), taken April 28, 1940, showed persistence of the 
right bundle branch block. The S-T segment in Lead II rvas isoelectric, and the 
T wave was upright. The T wave in Lead IH was only slightly inverted. There is 
no evidence available to indicate whether the bundle branch block appeared as the 
result of the acute right ventricular dilatation or whether it existed prior to her ac- 
cident. She improved considerably, and, one year later, could walk well without 
discomfort. She had no further chest pain. 





iMg. 10. Case 10, I. W. A. May 10, 1039. 4 days after first attack. J5. August 5, 

1941. 

Case 10.— I. W., a single, 27-year-oId man, had a tj-pical attack of acute ap- 
pendiciEs on April 15, 1939, and was subjected to an appendectomy on the follow- 
ing day His convalescence was satisfactory until May G, when he experienced se- 
vere substernal pain, with collapse and dyspnea, while sitting in a chair. On 
p lysical examination he was ashen, sweating profusely, and had cold extremities, 
ra ) cyanosis. His cervical reins appeared full, but not markedly dis- 

oonnt «as 1^00. Pul»o«n,y omtolum «a» susyooM, and » oonstot irtmvoaous 



588 


AMERICAN HEART JOEKEAIi 


infusion of lieparin in plivsiologie salt solution n-as startea at once The clotting 
toe was iept at approximatelv forty minutes. Xo evidence of peripheral phlehiti 
in his legs was discovered. Xeitlier cough, dyspnea, nor pain was present twentv- 
four hours after the attack. A roentgenogram of the chest on Alay 7 showed no ca- 
dence of disease. On May 10 another roentgenogram of the chest revealed a large 
area of hazy density, rounded in the lateral view, at the base of the right lung in tL 
eostophrenic angle, and a small dense area in the bass of the left lung. These were 
interpreted as the result of infarction. 

An electrocardiogram on May 10 (Pig. 10-A) showed normal rhythm, a rate of 
120, and marked r%ht axis deviation. The T waves were low in Lead I and Lead 11. 
slightly inverted in Lead HI, and inverted in Lead IV. A. Q wave was present in 
Lead HX 

The heparin was stopped arbitrarily on May 1-3. An electrocardiogram on this 
date showed normal rhythm and a rate of 115. The right axis deviation was less 
marked, and the T waves in Lead I and Lead II were upright. In Lead LH a small 
Q wave and an inverted T wave were seen. In Lead H' the T wave was definitely 
inverted. On May 16 the consolidated area in the base of the left lung appeared 
roentgenographically as two fairly well-defined areas, both of which were bebeved 
to represent infarcts. Three days later (May 19) the patient complained of stiff- 
ness in his left caK and thigh. It was normal in apjpearance, and its girth was not 
increased. The leucocyte count was 9,600. The temperature and pulse rate were 
normal. On May 20, he complained of pain in the left calf. His temperature 
rose to 100° and Ids pulse rate to 90. There was edema of the entire leg; its 
girth was now uniformly greater than the right. Homan’s sign, namely, the induc- 
tion of pain in the calf region by dorsiflexion of the foot, became positive. A diag- 
nosis of acute thrombophlebitis of the deep vein=, with evidence of superficial 
phlebitis iu the lesser or short saphenous vein, was made. Ligation of the femoral 
vein distal to the junction of the vena profunda femoris was performed. The long 
saphenous vein was ligated separately. Moderate swelling of the thigh was pic.'ent 
for forty-eight hours, and then diminished. The pain in the calf disappeared six 
days after operation, and he was walking on the eleventh postoperative day. 

Eleven montlis later he was quite well, and had had no recurrence of pulmonary 
embolism. A follow-up electrocardiogram on August 5, 3911 (Fig. 10-35), .diowed 
sinus arrhythmia, a rate of 70 to SO, and right axis deviation, wliic-h, although .some- 
what decreased, had persisted. A small Q wave was still present in Lead HI. All 
of the T waves were upright. 


REVIEW OF THESE TEX CASES 


111 tliis series there were three cases (1, 6, 9) in which piilmonaiy em- 
l 3 oli.sin followed hone in.]uries in women over the age of 60, irifh one 
latalitr. There were tkree cases of postoperative emholisni (3, 8, 10) ; 
two of these patients were in the third decade, and there was one fatality. 
Three patients (4, 5, 7) presented pulmonary symptoms from the hegin- 
ning of their illness, and one (2) had varicose veins and phlebitis. In 
the ^miscellaneous group of four patients, there were three fatalilw-s. 
Nine patients had two or more attacks of infarction. The tenth patient 
had only one. He was probably saved from further attacks by the hp- 
tion of his femoral vein. All five fatahties were caused by a ma.]or 
ohsti-uction, which was the second attack in four cases, and the thir 


The electrocardiogram gave the fix'st suggestive Jal)oratoi 7 endence 
of the coiT-ect diagnosis in tee cases (4 5, 7) ; ^ others, the electro- 
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canliograpliic cluuigcs wore confirmafory oi" the clinical diagnosis. Fol- 
loiv-xip sludic.s revealed an aliiio.st coni])lele relnni to the normal jiallcrn 
in Cases 1 and G, and a partial return in Cases 4, 7, S, and 40. Among 
tile survivors, right axis deviation iiensi-sted in three ca.ses (S, 0, 10). 

Peripheral thrombosis or phlebitis in the lower extremity was ]ire.senl 
or sii.spectcd clinically in five ca.ses (2, 4, G. 0, 10). Thrombosis of the 
popliteal vein was found at jiost-morlem examination in tno cases (1 and 
4), and in the prostatic venous jilexus in one (b). Venous thrombosis 
in the legs was not suspected or discovered in three patients (4. /. S), 
two of whom had acute attacks on the e,ighlh and tenth day.s post- 
operatively, rcsjicctivcly. h'our patients (2. 4, o, () were ambiilatoii 
when they had their first attack. The remaining six had been in bed 
at least six days. The onset was not clearly acute in Casc.s 4 and ■>. A 
wide S wave in Lead I occurred in Casc.s 3, 4, b. S, 10. and (1)0, and 
may be comparable to the transient right bundle branch block rejiorled 
by Durant, et al.'' 

OTHi'.ti CASi;s Ol' IMU.MOSAUY r.MUUl.lSM 


To evaluate the electrocardiographic tlianges in imhnonary embolism, 
a series of ninct.v-two other patients with tliis condition who had been 
seen in the wards of the iMa.ssachn.setts 0(‘ncral llo.spital and in jirivate 
practice was studied. Approximatcl.v bO per cent of llie.se jiatient.s had 
electrocardiograms taken within twent.v-four hour.s of the piilmonniy 
embolism. No patient was included who did not have an electrocardio- 
gram taken within ninety-six hoiins of the attack. AVc found that only 
about one case in six of pulmonary embolism bad been studied elect ro- 
eardiographically. 

The diagnosis was confirmed b.v autojisy in forty-two ca-ses. In the 
remaining fifty eases, the clinical diagnosis was aderinately su])porfod 
by plij’sieal and laboratory evidence. The. cases wore analyzed in two 
groups, namclj', those in which the diagnosis was confirmed at. antoji.sy. 
and those in which the diagnosis was only clinical. ICach groii]) has been 
subdivided into (a) cases in which tlic features of shock predominated 
at the on.set of the attack, and (b) cases in which signs and symptoms 
of pulmonary infarction, without .shock, characterized the clinical ])ie- 
ture. 

Forty-Txuo Axilopsy Crt.sc.s.-~T]iirt..y-ninc wore cardiac jiationts (liyper- 
tensive and/or coronary heart di.sea.se, twent.v-four; rheumatic heart 
disease with mitral stenosis, ton; miscellaneous, five), itfany of these 
showed mnltiple pulmonary infarcts at autopsy. 

(a) In thirteen of the forty-two cases the clinical features of shock 
predominated at the onset of the attack. Of those cases, organic heart 
disease occurred in eleven, and, in almost all, coronary disease was the 
etiologic factor (there -were no cases of rheumatic Jieart disease in this 
group). No change iii the already abnormal electrocardiograms oc- 
curred after the attack in six of this group of eleven. Of tlic remain in «>• 
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five cardiac patients, one showed all the characteristic features of the 
acute eor pulmonale pattern except right axis deviation; another ex- 
hibited a temporary shift from slight left towards right axis deviation, 
and two others showed depression of the S-T segment in Lead I and in 
Lead II (digitalis influence was excluded) as the principal electro- 
cardiographic alterations. The remaining cardiac patient developed 
auricular fibrillation coincident udth the attack. 

The two patients without heart disease in tliis group were of con- 
siderable interest. Auricular flutter was precipitated in one, and a tend- 
ency towards right axis deviation (small S wave in Lead I) developed in 
the second. In common ivith four cardiac patients (three of wJiom 
showed no electrocardiographic change, whereas the fourth developed 
auricular fibrillation) , these patients had only a few small pulmonary in- 
farcts at autopsjL Certainly the mechanical factor of obstruction in the 
pulmonary arterial bed was minimal in these cases. 

(b) In twenti^-nine of the forty-two cases, the signs and symptoms of 
pulmonary ioifarction, without shock or collapse, predominated clinically. 
Complicating factors, which of themsehms could modify the electrocardio- 
gram, were present in all cases in this group. Organic heart disease was 
present in twenty-eight cases, and full therapeutic doses of digitalis 
were being administered ivhen the electrocardiogram was made in the 
remaining one. Nevertheless, temporary changes that ivere believed to 
be significant evidence of some degree of acute cor pulmonale occurred 
in ten cases. In three additional eases, aiu’icular fibrillation developed. 
In each ease the abnonnal rhjdhm was apparently precipitated by a 
small embolus. The electrocardiographic changes which occurred in- 
cluded, first, the temporary appeai’ance of a small S ivave in Lead I or 
the temporary disappearance of previously existing, slight, left axis 
deviation ; and, second, a depression of the S-T take-off and segment in 
Lead II, and less frequently in Lead I. These alterations were corre- 
lated xvith significant thrombotic obstruction in the pulmonary arterial 
bed at autopsy^ Large terminal emboli, if present, were excluded. Tem- 
porary deviation of the electrical axis to'wards the right was the most 
common electrocardiographic alteration. 

Lead IV-F was available in thirty-one of the forty-two cases. Inver- 
sion of the T wave, with an upright R wave, occurred in eight eases, 
and, in three cases, a diphasic appearance of the T wave occurred. Fh c 
patients had an abnormal T wave prior to the pulmonary embolism. 
In the remaining fifteen cases the T "wave was upright. 

We believe that those patients Avho developed temporary deviation 
of the electrical axis to'wards the right or a depression of the S-T seg- 
ment in Lead II or in Lead I actually had some degree of acute cor 
pulmonale at the time the electrocardiogram -was made, even thougii t le 
clinical manifestations of the condition were not then apparent. 

Fifty Cases of Pulmonary Embolism, Without Autopsy. —Orgaiw 
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lioarl, (lison.so was ])i-csoiit in al least twcnty-soATii of liieso eases, i.o., 
covonarv heart disease in twent.v-one, ami rlieiimalie, liearl disease in 
six. Tlic elect rocardiojrraiiliie elianjics nientiojied refer to tIio.se reeo;j:- 


nizod after an attack of jndnionary emlndisin. 

(a) There were sixteen cases (.seven were cardiac iiatienls with 
coronary artery disease and/or hyiiertensive liearl disease) in Avhieh the 
siiins and .syinjitonis of shoi'h predominated at the onset of the attack. No 
])aticnt showed all of the features of tiic t.vpical eleetroeardio.";raj)hie, 
])attcrn of acute cor puhiiouale. Three ]>alient.s with hypertensive heart 
disease develo])cd the pattern cxcejil for ri"ht axis deviation. I wo otheis 
showed clcctrocardioijraphie ehanjues which were deemed siixnificant evi- 
dence of some decree of acute cor pulmonale. These included a small 
S wave in Lead 1 and a low take-ofi‘ of the S-T se*rment in Lead I, or in 
Lead 11. and a Q wave and invei-sion of the T wave in Lead 111. 
Variable, .sli.irht invension of the T wave in Lea<l IV accompanied these 
alterations in the limb leads. 


Lo.s.ser, temjiorai'.v, elect rocardiofrrajihic chaimes occurred in four 
cases. They appeared individually, and perhaps indicate that a slight 
degree of acute cor pulmonale was cau.sed by the inilmonary embolus. 
Thc.se alterations were the aipiearance of a small S wave in Lead I. a low 
S-T take-olT and segment in Lead JI or in Lead T. and invm-sion of the 
T wave in Lead IV. Shallow inversion of the T wave in Lead IV oc- 
curred as an isolated abnormality in two additional ••ases. This is of 
quc.stionable diagnostic significance, but is consistent with a mild, 
transient degree of acute cor pulmonale. Since Load IV-l’’ was em- 
ployed, it can bo .said that the ehe.st electrode )nay have been on the 
border of the right ventricle, or was so influenced by it, that an inde- 
terminate T wave resulted. 


(b) Thirty-four patients ])re.scnted the clinkul sufus und si/ntploms of 
pulmonary infarction, without shock or collapse. Of 1he.se, twenty had 
heart disease. No typical electrocardiographic ])attern of acute cor 
])ulmonale was found. Small ehange.s did occur in seven case.s, includ- 
ing a small S wave in Lead I and a low take-off of the S-T segment in 
Lead I or Lead II. Auricular flutter developed in one patient coincident 
with the attack. There were no elect roc.ardiogra])hic alterations in the 
remaining twenty-six cases. This latter group included tho.se patients 
whose previousl}' abnormal records were unchanged by the attacks and 
those "whose electrocardiograms "were still noianal after pulmonarv em- 
bolism occurred. 

Summary of This Scries of Ninciy-Two CV.sc.s.— Co-existent heart dis- 
ease was present in sixty-nine of tho.se ca.ses. In twenty-nine, symptoms 
of shock predominated at the onset, and, in sixty-three, the signs of pul- 
monary infarction witliout .shock or collapse were predominant. Elec- 
trocardiographic changes which were considered suggestive of a minor 
degree of acute cor pulmonale were present in sixteen of the former 
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and in seventeen of the latter. The onset of anricular fibrillation vas 
observed in four eases, and auricular flutter in two cases, in tins scries. 
I\Iany cases of pulmonary emholisin in the recm-ds were not studied 
electrocardiographieally. and in others no electrocardiogram was taken 
until several days after the attack occurred. Wc believe, on this account, 
that the true frequenc}^ of helpful electrocardiographic changes after 
pulmonary embolism is probably greater than our figures indicate. 

DISCUSSION 

The terms '^pulmonary embolism” and “acute cor pulmonale” are 
not synonjunous. Not eveiy patient with pulmonary embolism de- 
velojis acute cor pulmonale, and hence the typical electrocardiographic 
changes do not always appear. If acute right ventricular strain were 
caused by an emliolus, an electrocardiogram taken -within a few hours of 
the onset of symptoms might he expected to show evidence of it. The 
degree of mechanical obstruction in the pulmonary circulation and, 
possibly, certain reflexes affecting the jiulmonary vascular bed influence 
the length of time during rvhich this evidence is manifested. The anoxia, 
and possibly also reflex coronary constriction, secondary to the pul- 
monary embolism, maj^ perhaps act as additional factors to favor the 
develoinnent of the right ventricular dilatation of acute cor pulmonale, 
and may in themselves oven influence the electrocardiogram. 

During this study t-yvo interesting observations were made: (1) 
Electrocardiographic evidence suggestive of acute cor pulmonale wa.s 
found after the occurrence of pulmonaiy embolism when the clinical 
signs of the condition -were not appai'ent, and (2) symptoms of shock 
and collapse may iiredominate even with small emljoli. Of the six cases 
in wdiich this occurred, eleetrocardiogi'aphie signs of mild, acute cor 
pulmonale -were present in only one. Before the degree of acute cor 
puhnonale -which may exist temporarily in similar eases can be ascer- 
tained, further electrocardiographic observations must be made soon 
after the onset of symptoms. 

Some factors -\vhich may modify the appearance, or even obscure the 
features, of the typical loattern are: (1) deviations from the nonnai 
caused by pre-existing heart disease; (2) the degree of mechanical ob- 
struction to the pulmonary circulation; (3) the length of the interval 
between the attack and the taking of the electrocardiogram; (4) tlie 
presence of abnormal conditions which of themselves alter the electio- 
cardiogram, e.g., toxic states, digitalization; and (5) the presence of 
abnormal rhythms. 

Apparentljg acute cor pulmonale may occur in varying degrees o 
severity. In the most marked cases there are the signs of dilatation o 
the right auricle and ventricle and the typical eleetroeardiogiap nc 
pattern previously described; the lesser grades may or may not cause 
transient clinical signs, and may produce only temporary electroeaicm- 
graphic changes of significance, namely, a tendency of the electrical axi-s 
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to deviate towards the right, evidenced most commonly by a small S 
wave in Lead I, or a low take-oa' of the S-1' segment in Lead I or in 
Lead II, or a Q Avavc aiid inversion of the T wave in Load 111, or a 
negative T wave in Lead IV. In some instances the degree of. light 
axis deviation may he slight; in others, the T wave in Lead IV may be 
upright. 'When llic possibility of acute cor pulmonale arises, we recom- 
mend the use of multiple chest, loads. The T wave is most likely to be 
invei’ted when the precordial electrode is over the right ventricle. Lead 
IV-F sometimes records the electrical potential from tlie right ventricle 
and sometimes from the left, more especially if left, ventricular hyper- 
trophy exists. This is probably very imjmrtant in actual pi-actiee. 
Chest lead positions 2 and 3 should be cxjilorcd when in doubt, that is. 
in the fourth intercostal space .iust to the left of the sternum, and 
midway between that point and the midclavicular line on the line from 
point 2 to the cardiac apex. Normally the T wave is upright in these 
two prccordial leads, but in the case of the acute cor pulmoiuale it is 
inverted (more definitel.v than in the routine Lead H'). 

Many tracings T'ceord only the tachycardia associated witli tlie em- 
bolism. They arc included in our study as those without significant 
electrocardiographic alterations, and elas.sifiod as witliout change. The 
presence of organic heart disease, with an abnormal electrocardiogram, 
a.s in mitral stenosis or coronary heart disease with myocardial anoxemia 
— pulmonary infarction is a frequent complication in these eases — often 
limits the diagnostic value of the electrocardiogram in a suspected state 
of acute cor pulmonale. 

The onset of abnormal rhythms and various types of heart block 
has been reported as a result of pulmonary embolism. Four cases of 
auricular fibrillation and two of auricular flutter were observed in our 
.series. Five exomplo.s of increased duration of the S wave in Load I 
have been mentioned above. 

In evaluating the electrocardiogram of a patient who is suspected of 
having acute cor pulmonale as a result of pulmonary embolism, it is im- 
portant to know how much time elapsed between the onset of the attack 
and the taking of the electrocardiogram. If the obstruction to the pul- 
monary circulation is small or is overcome soon after its occurrence, tlie 
embarrassment of the right ventricle will pass off rather rapidly. An 
electrocardiogram taken within a few houns of the attack may therefore 
afford the only means of recognizing it, for such signs as an S wa^'e in 
Lead I, or an inverted T wave in Lead IV, often persist after the phy.sical 
signs, if there were any, have disappeared. However, even 11ie.se sinus 
may have disappeared completely within twenty-four hours of the at- 
tack. This evidence can be available before roentgenologic signs of 
pulmonary infarction develop. 

Many authors confirm the fact that coronary occlusion has been com- 
monly confused with severe, acute eor pulmonale. This lias been amnhr 
borne out in our experience. Several observers liave mentioned the 
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clinical d^erential diagnosis and have indicated the important diaanostic 
A alue of the electrocardiogram. However, the eleetrocardiogi’aphic fea- 
tures may be confused in both of these conditions when the changes are 
apical or equivocal. Joi accurate history and a careful appraisal of 
the phpical signs remain of major importance in establishing the cor- 
rect diagnosis. Serial electrocardiographic studies are then helpful 
in evaluating the status of the heart. 

It is, incidentally, of great importance to recognize the fact that either 
condition may complicate or more or less set off the other (pulmonarv 
embolism from stasis during convalescence fium myocardial infarction, 
or myocardial infarction in a person with considerable coronary disease 
whose coronary circulation is decreased by pulraonaiy embolism) ; there 



A. 


B. 


D. 


Fig. 11. — St. L- 1. Electrocardiogram of a nom^ 
asthenic hnild. September 10. 1941- Sitting position. 2. September II. 1.41- n- 
cnmbent position. B, X. L Electrocardiogram of a patient -nith tnitral 
August 2o. 19<il. Cj O. IL Electrocardiogram of a patient -noth TeWalogj 
NOT^ber 12. 1936. n, J. A. W. Electrocardiogram of a patient -mth recent po-t.n 
myocard-ial infaxction. April 2S, 1942. 
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then may be a (lonl)3e effect ot llic two eondilions on the electrocardio- 
gram. The complication, nay, even the proci])itation, of one condition 
by the other has not been taken adecjuately i"to account in the 3 ')ast. 
Sometimo.s the anoxemia resulting from pulmonary embolism may ]no- 
duee transient changes in the electrocardiogram wliieh may simulate 
someAvhat, but not exactly, acute cor jjuhuonalc, without the moi’c 
persistent changes fonnd with actual myocardial infarction. It is, of 
eoTirse, the posterior and 7iot the anterior myocardial inlarct or anoxic 
state that .suiicrtieially rcscinblcs acute cor inilmonale in its eflect on 
the electrocai'diogi-am. 

In three (4, 5, 7) of our ten eases, acute cor pulmonale was not con- 
sidered until it wa.s suggested by the electrocardiogram. Other examples 
very likely pass unrecognized, as almost lupipcned in these cases. The 
large mortality among these patients aiid the discovery of tlu’ombosed 
veins in their extremities suggest that, timely diagnosis and operation on 
the affected veins should be the phy.sician'.s goal. Prophylactic leg exer- 
cises, combined with moi'e attention to the log veins by the physician, 
and widespread recognition of the varied manifestations of pulmonary 
embolism should lead to a sharp decrease in the incidence of fatal pul- 
monaiy emboli, more esiiccially among ])a1ien1s conffned to bed. Bland 
thrombosis of the veins, the .so-called phlcbolhrombosis, may baffle the 
most competent physician, and deliver a lethal embolus to the pulmonary 
circuit before it is recognized. In this connection the introduction of 
venography has been of considerable imporlaitco. "With thi.s lechmcpte 
the patent venous channels arc outlined by a radiopaque dye, such as 
dioclrast. Venous obstruction, espceially in the deep veins of the leg, 
may thus he revealed. The appropriate veins ean then be ligated and 
the danger from pulmonary embolism considerably 3'cduecd. Experience 
with venography suggests that, di.sciamination in the selection of 
patients and improved technique will lessen tlio incidence of coinplica- 
tions, such as local phlebitis at the site of injection. 

A few additional electrocardiograms (Fig. 11, A, Ji, C, D) are herein 
presented, wdth brief clinical notes, hccau.sc of tlieir superficial similarit}' 
in some respects to the acute cor pulmonale pattern. They show normal 
rhythm and a rate of 100 or faster, with .sliglit to moderate right axis 
deviation. A Q wave was present and an inverted T Avave Avas often 
seen in Lead III. The T Avavc in the chest lead Avas upright. This 
group included asthenic persons Avith vapid heart rales, and persons 
Avith mitral stenosis, certain forms of congenital heart disease and 
po.sterior myocardial infarction. They emphasize the fact that' it is 
important to possess clinical knoAvlcdge of the patient in order to 
evaluate the record accurately. 


susiMAnv 

Ten patients Avith acute cor pulmonale, Aviihout underlying lieart 
disease, fiAm ot Avhom died (three had post-mortem examinations), arc 
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presented with their electrocardiograms to corroborate the observation 
that there is a typical electrocardiographic pattern in acute cor pul- 
monale; it is characterized by right axis deviation with a prominent S 
wave in Lead I, a depressed S-T segment in Lead II and often in Lead I, 
a Q wave and an inverted T wave in Lead III, and a diphasic or an in- 
verted T wave in Lead IV-F. An upward convexity of the S-T segment 
in Lead III is common; an elevation of the S-T take-off in this lead 
occurs in a feiv cases. The cases ivere selected so that other factors 
ivhich of themselves could have modified the electrocardiogram were 
excluded. 

The electrocardiographic changes in an additional series of ninetj^-fwo 
eases of pulmonary embolism were reviewed. Co-existent heart disease 
occurred in sixty-nine. In twenty-nine eases symptoms of shock pre- 
dominated; in sixty-three the signs of pulmonary infarction without 
shock or collapse iiredominated. Electrocardiographic changes that were 
considered indicative of acute cor pulmonale were present in sixteen of 
the former group, and in seventeen of the latter. In other words, the 
electrocardiogram gave indication of some degree of acute cor puhnonale 
in a little more tlian one-half of the cases wlien shotk predominated, 
in a little less than one-quarter of the group without shock, and in about 
one-third of the entire series, including those patients who had abnormal 
electrocardiograms as a result of heart disease. 

It is emphasized that "pulmonary embolism” and "acute cor pul- 
monale” are not synonj^mous terms. It appears that vaiying degrees 
of acute cor pulmonale occur, and that the electrocardiogram provides a 
means of evaluating the status of the heart, especially when clinical signs 
indicative of right-sided heart strain are not obvious. 

It is our belief that anoxemia produced by a pulmonary embolus 
may cause infarction in cardiac muscle wliich is already the seat of 
severe coronary artery disease. When this occurs, the electrocardio- 
graphic changes are confusing and atypical. 

Death is often caused by a second or third embolus. Prophylactic leg 
exercises, venography, and, if indicated, ligation of the femoral vein 
should reduce the incidence of fatal pulmonary emboli. 
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ADDENDUJl 

.Since the preparation of! this paper an iinporlanl article has been 
publi.sliecl by James Ciirrens (The Jileetrocardiogram in l^ulmoinir.v 
Kmboli.sm, Proc. Staff i\reet., Jlayo Clin. 17: 502, 1942). In an endeavor 
to shed more light on the problem, carcfnl microscopic examination was 
made of the hearts in thirty cases of ]mlmonary embolism, with section 
of the coronary arteries every 5 mm. throughout their course, and, in 
addition, at least six sections from right and left ventricles of each 
heart. In five cases, recent infai'ction of the right or left ventricle was 
found, in one of which there was recent thrombosis of the right coro- 
nary artery, but iu the remaiuiug four no demonstrable occlusion of 
the eoro7iaiy arteries. Currens writes as follows; “In appraising the 
cleetrocardiograpbic ciiangcs during smspeeted pulmonary emboli.sm 
it should be borne in mind that no one cleclrocardiograpbic abnor- 
mality is comsistently present in pulmonary embolism”; and in sum- 
mary, he states; “The cause for the electrocardiographic changes in 
pulmonary emliolism is considered, and strain on the right ventricle 
seems to be the dominant factor. The presence of a pulmonoeoronary 
reflex following inilmonai-y embolism is difficult to prove, and it seems 
likely that any compromise in the coronary cii-culation is best ex- 
plained by shock and aji increase in pressure i7i the riglit side of the 
heart. The decrease in blood flow to tlie right ventricle from a decrease 
of arterial pi-essure gradient, plus an increase in work of the right 
A enti icie niay account for the occasional association of angina pectoris 
with pulmonary embolism. Evidence is ])resenled to suggest that 
asphyxia does not iipprociably affect the electrocardiogram in pul- 
monary embolism. Tlie electrocai-diogi'a])liic pattera in pulmonary 
onbolism is variable and the A’alue of the pi-ecordial leads is stressed.” 



ON THE AMOUNT OF, AND CHANGES IN, THE RESIDUAL 
BLOOD OP THE HEART 

Gustav Nvum, M.D. 

Stockholm, Sweden 

T oday otir knowledge of tlie capacity of the different heart chambers 
during life is extremely imperfect. On the otlier liand, as regards 
the volume of the whole heart, there are, in the earlier literature, ac- 
counts of a number of investigations carried out on autopsy material, 
such as those of Beneke,’- Muller,^ and Henle/ hut these comprise data 
on only the weight of the muscular substance of the heart (]\Iimer), or 
the volume of the muscular substance (Beneke). Beneke found that 
the adult male heart has a volume of about 300 c.c., which is in good 
agreement with Miiller 's statement that the weight amounts to about 
300 Gm. 

During recent years, Kahlstorf,^’ ® Nylin,® Lysholm, Nylin, and 
Quarna," and Liljestrand, Lysholm, Nylin, and Zachrisson® have made 
eontributions toward elucidation of tlie volume conditions of the heart 
in vivo. The last-mentioned authors found that the normal volume of 
the heart in seventy healthj" adults (students) amounted, on an aver- 
age, to 700 c.c. Judging from Beneke ’s work, which indicates that the 
muscular substance has a volume of about 300 c.c., this would imply 
that the capacity of the heart cavities would amount to about 400 c.c. 
(700 - 300) altogether. We do not at present know with certainty 
whether this is the case. For reasons which are easily understood, the 
volume of the heart cavities is difficult to define, and the measurements 
which have been made in vitro are only of limited interest. As far as 
can be ascertained, only Hiffelsheim and Robin,® and, considerably later, 
Hochrein,^® arrived at any conception as to the volume of tlie heart 
cavities. Hiffelsheim and Robin, made post-mortem wax easts of the 
four cavities and calculated their size by ascertaining the displacement 
of the wax casts. From five normal persons in Hiffelsheim and Robin’s 
series I have calculated that the total volume of tlie four cavities of the 
heart averaged 617 c.c. On the other hand, Hochrein gives a mean value 
of 561 C.C., calculated from thirty cases. Hochrein ’s technique differed 
from Hiffelsheim ’s, in that he ascertained “the capacity,” i.e., the vol- 
ume of the heart cavities, by filling the cavities under a water ])re.ssure 
of 8 cm. and measuring the amount of water required. If 300 c.c. for tlie 
tissue of the heart is added to Hiffelsheim and Robin s and Hochrein s 
mean- values of the total capacity of the heart, the estimated volume 
of the heart for the respective aiRhors amounts to 917 c.c. and 861 c.c 
To what degree the heart is emptied during systole has been discussed 
by several authors. Rollett^^ .says: “Im Leben entleeren sieli lieide 
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VenU-ikcl gleidi/.citig unci gleicli oft in tier Zeilcinhcit und /.war bis zuiu 
Vcrscbwindeu ihrcr ITohlung.” On the oUior liand, Oiiauvoau and 
Faivre,'- Eoy and Adainid^* and Starling’^ have assumed that the heart 
does not cxpell tlie blood completely during systole. It may ])rol)ahly 
he assumed that, during life under phy.siologie conditions, and moic 
especially under pathologic conditions, the heart is not eompletolj emp- 
tied of blood during systole, Imt that larger or smaller, nay, c\en con- 
siderable, quantities remain in the liearl cavities; in other Avords, tlicie 
is a certain amount of residual blood. 

At the present time the stroke volume of the heart can he fairly 
exactly ascertained by the gas methods, at least in healthy ])crsons. 
Nylin” found that it amounted to a mcat\ value of 71 c.c. in healthy 
adults in the recumbent position; the heart volume of these subjeets, as 
ascertained roentgenologically, averaged S13 c.c. Unfortunately, in this 
Avork it AA’as not stated in Avliich phase of llic liearl beat the c.stimalions 
AA'crc made, but. it is ])robablc tlial, in view of 11)c long csposiiro times, 
they AA'cre made during dia.slolc. If the volume of the tissue of tlic 
heart in those cxperimcnt.s is estimated a.s 300 c.c*., this Avonld imply a 
diastolic capacity A’olumc for the Avliole l)earl of al)Oul 510 c.c. If 
this value is decreased by tAvico the .stroke A-ohimc (142 c.e.), tlie amount 
of residual blood in the recumbent ])o.siiion Avould jiornially amount to 
about 400 c.c. and, in the standing position, to only about 200 c.c. 

Under certain pathologic conditions, and esiAccially in cnso.s of .ad- 
vanced cardiac insufficiency, it is generally knoAvn that there is eon- 
sidei’ablc enlargement of the heart AA'bicb cannot, be due entirely to 
hypertrophy of the musculature, but rather to dilatation of the licart. 
Prom this it folloAv-s — since the .stroke volume does not increase, Imt. 
decreases — tliat the quantity of rcsid\ial blood increases, and, in many 
cases, must become extremely large. Of the vobiinc of these (juantities 
of residual blood in cardiac insufficiency a\-c knoAV ]n‘actically nothing. 


RADIOLOGIC IC.STIMATIOXS 01’ CIIAXGKS IX IIRAUT VOLUMK (CIIAXCICS I.X 

RE-SinUAL 1M.OOI)) 

With the introduction of the roentgenologic method of estimating the 
heart volume by Kalilstorf, Lysbolm, Nylin, and Qnarna, Liljeslrand, 
Lysholm, Nylin, and Zaebrisson, and Jonscll,” ])ossibilitics of oblaining 
a more objective measure of the si/.c of the heart Averc eroated. IMorilz ” 
Binhold,” Kablslorf,” Natvig.^o Bohme,=^ Nylin,-- Ihljestrand 
Lysholm, and Nylin,^^ and Nylin, Sallslrom, and Agrcn-"' have .slioAvn 
that the heart is subject to considerable A’olumc change.s, both ])liv.siolo"ie 
and pathologic. The heart i.s considerably hn-ger in Uie reeuinlimit posi- 
tion than in the upright position. It i.s also subject to changes in si/.c 
as a result of ehange.s in intratlioracic pre.ssure; tliis is shoAvn in ex- 
treme form by the faet tliat, Avith Muller’s tc.st, the heart is consider- 
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ably larger'than with extreme expiration and pressure, as in Valsalva Is 
test. It has also been found that the heart is subject to a decrease* in 
volume after pneumothorax has been induced. [Muscular work also 
influences the size of the heart, in that the heart volume deerea.ses after 
hearr* muscular work. The above, mainly physiologic, changes in heart 
volume imply that the amount of residual blood undergoes considerable 
changes. These physiologic alterations in the amoimt of residual blood 
are summarized in Table I. Several of these particular’s derive from a 
number of observations, and are the mean values; others comprise onlv 
single observations. As we see from the table, the changes in the 
quantity of the residual blood which occur with the transition from 
the standing to the reerrmbent position, and in the extreme conditions 
of Valsalva \s and [Muller's experiments, are very considerable, whereas 
those which take place during mirseiflar work are of a much smaller 
order of magnitude. 

Table I 

Phvsiologic Chaxges jx the Ar.roE:xT of Re.side.5L Blood of the HE.\nT 


1. Postural changes — mean increase in the heart volume in 11 
healthy persons on changing from standing to lying position 269 I’.c. 

2. The effect of intrathoraeic pressure — decrease in the heart 

volume with transition from iluLLEB's to VALSALVA’S 
experiment 400 c.c. 

3. The effect of muscular work — mean decrease in the heart 
, volume in 12 healthy persons after heavy mu-scular work, in 

comparison with the volume before the work .^5 c.i*. 


Under pathologic conditions the heart Is subject to considerable 
changes in volume, which depend on the degree of decompensation. 
Comprehensive observations on this point have been collected in the 
eoiu’se of years at the Seraphim Hospital. In 1939, Nylin, Saflstrbm. 
and Agren-^ reported that, of about one thousand estimations of heart 
volume made since 1933, at least one hundred showed more or less pro- 
nounced changes. From these investigations it emerges that the largest 
number of volume changes are met with in connection Avith variations 
in the degree of cardiac insufficieney. If repeated heart volume estima- 
tions are made in a cardiologic department, it rnll be found tliat .siieb 
changes are common. As an example of extreme, rever-sible changc.s 
in the amoiuit of residual blood intimately associated Avith the degree 
of decompensation, I shall cite one of my eases of mitral and tricuspid 
insufficieney. As the patient improA-ed and the heart failure decreased, 
the amoxmt of residual blood decreased by 400 c.c.; there Avas an in- 
crease of no less than 650 c.c. sLx AA-eeks later, when severe decompensa- 
tion had set in again. The patient did not recover from this attack of 
failure. At autopsv it was proved that an e.xndate in the pericardium, 
amounting to onlv 50 c.c.. had not had any noteAvortliy nffiuence on 
the heart Volume. In ea.se.s of pronounced hypertension, when the blood 
pressure had decreased considerably after treatment, particularly con- 
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finement to bed, considerable decreases in Ibe residual blood have been 
observed. In coronary disease, such as angina pectoris and coronary 
tlirombosis, changes in the amount of residual blood of as much as 
300 e.e. have been observed. In beriberi it has been proved that there 
is an increase in residual blood of 290 c.c. (Nylin’-*’). In a case of severe 
secondarj^ anemia the decrease in the volume of tlie heart amounted 
to 350 c.c. when the blood was restored to normal. In a case of obesity, 
a decrease in weight of 40 kg. led to a decrease of no less than 360 c.c. 
in the heart volume. As is w’ell known, myxedema is accompanied by 
dilatation of the heart, which recedes rapidly with thyroid therapy. I 
personally have no estimations of the decrease in residual blood in such 
cases, but Warburg-' and others have published such observations. 


Tabi.e it 

Pathologic Changes in the Amount of Eesiuual Blood of the Heakt 


1. Eeverstbte clmnges -whicli depend on the degree of decom- 
pensation 100 — 

2. Hypertension — single observations 

.1. Coronary insuiReiency, angina pectoris 
4. Coronary thrombosis — single observations 
a. Beriberi — single observations 
0. Anemia — single observations 

7. Obesity — single observations 

8. A. (a) Decrease in the heart volnine in a ca.se of unilateral 

pneumothorax 

(b) Decrease in the heart volume in a case of unilator.Tl 
pneumothorax 

B. Decrease in the heart volume in a ca.se of bilateral 
pneumothorax 


800 c.c. 
ISO c.c. 
.830 c.c. 
350 c.c. 
200 c.c. 
350 c.c. 
300 c.c. 

200 c.c. 

125 c.c. 

350 C.C. 


Table II shows these pathologic changes in the amount of residual 
blood. They are of great impoiTance for an understanding of the patho- 
physiology of cardiac insufficiency. It is probable that the increase in 
the amount of re.sidual blood, even in the incipient stages of cardiac 
insufficiency, constitutes a compensatory mechanism by increasing the 
length of the fibres and consequently the effectiveness of the heart mus- 
cle, in accordance with Starling’s law. By means of observations on 
the changes in heart volume under both physiologic and pathologic con- 
clitions, possibilities have been created of measuring quantitatively, to 
a. certain extent, the elianges in the amount of residual blood. 


PO.ST-JIORTEM HEART VOLUJIE ESTIMATIONS AND CALCULATION OF THE 
AJIOUNT OP RESIDUAL BLOOD IN VIVO 

It has already been pointed out that Hochrein and others before him 
made occasional post-mortem estimations of the volume of the heart 

especially that the quantity of blood 
m the different cavities of the heart generally exceeds veiy cmisiderablv 
the stroke volume, so that, even under physiologic conditions durin'o' 
. ystole, tlie heart would not evacuate all its contents. As far as I can 
discover, there is practically no information about such estimations on 
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clinical ^material. On twelve mainly normal liearts, Kalilstorf made a 
comparison between heart volumes, as ascertained roentgenologicallv 
and by the displacement method, on the heart post mortem, and found 
extremely good agreement. In co-operation with Ture Petren, I made 
a series of estimations of tlie roentgenologic volume ante mortem and 
the post-mortem displacement volume, and obtained varying results. 
Sometimes the agreement was extremely poor, probably because of the 
fact that after death the heart undergoes a decrease in volume with 
rigor mortis. (Tliese investigations have not yet been published.) In 
order to study more closely the amounts of residual blood during life, 
occasional investigations have been made in recent years at tlie Seraphim 
Hospital and the >Sabbatsberg Ho.spital by means of roentgenologic 
volume estimations immediately before death. At a certain time after 
death another heart volume estimation was made, and, in immediate 
association therewith, at autops.v, all the vessels of the heart were ligated 
and the heart removed, after Avliich its volume was ascertained by the 
displacement method. Then the heart cavities Avere opened and emptied 
of their blood, and the blood content of each cavity Avas measured. By 
this means it Avas possible (1) to control the roentgenologic Aulume esti- 
mations by the displacement method, and (2) to detect a post-mortem 
decrease in volume, and thus calculate approximately the total capacity 
of the cavities during life. Mom exact data on tliese investigation.? in 
tAA'O carefully studied cases are given beloAA\ 


The first ca.se Avas that of a 09-ycar-old man wlio for ten year.s had suiteted 
from progressive cardiac insufficiency, associated with coronary sclerosis. He wa? 
treated on. eiglit different occasion.s at the Serapliim Hospital. During the last 
few years the heart volume Avas constant, on the AA-hole, at about 2,000 c.e., so 
that this was a case of cor bovinum. At the last visit to the hospital his insufficienof 
Avas refractor}^ to all therapy, and the roentgenologic heart volume amounted to 
2,500 c.c. Hour and one-half hours after death anotlier roentgenologic estimation 
of the heart volume Avas made, and shoAved tlie amazing decrease of 1,220 c.c. 
TAventy-four hours after death the heart volume was measured by the displacement 
method and found to be 1,250 c.c., AA'hicli agrees aa'oII AA'ith the roentgenologic Iicait 
volume post mortem. Tlie blood content of the caA'ities of the heart post mortem 
was measured and found to be 500 c.c. Thus, in. all, the calculated quantity of 
residual blood during life — apart from the slight double stroke volume of about 
100 c.c. — amounted in. this case to no less than 1,750 c.c. (2,500 _ 1,250 + 500). 

The second case Avas that of a 44-year-old Avoman aaIio, from the age of 7 years, 


had suffered from vabuilar disease, the cause of Avhieh Avas unknoAvn. She nas 
admitted to tlie Sabbataberg Hospital AAig, 14, 1940, AA’ith severe cardiac in 
sufficiency and gi’ave signs of stasis. Slic had all the symptoms of mitral .stenosis 
and tricuspid insufficiency', Avith a positive venous pulse. The venous piessurc Aias 
34 cm. She had an enlarged liver and general anasarca, and also pronoAmced 
cyanosis. She Avas refractory to all therapy. She Avas kept alive only by administer 
ing pure oxygen through a Boothby respiration mask. Slie died August ^ ' 

AA'eeks after admission. The roentgenologic estimation ante mortem sicaac 
heart volume of 2,400 c.c., i.e., 1,850 c.c. per of body surface; this AAas icre o 
an enormous lieart in proportion to the small thorax. The con igura ° 
heart AA'as remarkable. It might almost have been thought that perieardi n 
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present, but tlxis aid not appear to be tbe case. A Tocntgenologic heart volume 
estimation was made post mortem, but unfortunately the sagittal pro 3 ection was 
not successful. In the frontal projection, at. least, the heart had decreased, a - 
though not very much, in both length and breadth post mortem. As in the preced- 
ing case, all the vessels were ligated at autopsy, and the volume of the heart, as 
estimated by the displacement method, was found to be 1,385 e.c. At autopsy, loO 
c.c. of blood ran from the heart cavities. The pericardium contained 440 c.c. of 
fluid. Thus, the post-mortem volume of the heart, together with the blood which 
ran out and the pericardial fluid, amounted to 1,025 c.c., which is not inconsich 
erably less than the volume as ascertained ante mortem. It is possible that this 
discrepancy was real, and caused by changes in the quantity of the residual blood 
with the onset of rigor mortis. In addition, at autopsy the quantity of blood in 
the right auricle was measured and found to be 025 c.c.; the left auricle contained 
290 c.c. The ventricles contained practically no blood. The volume of the heart 
tissue was 390 e.e. Thus the two auricles contained 915 c.c. at autopsy, and 150 
c.e. had run out. Therefore, the amount of residual blood post mortem was 1,065 
e.c. If it is correct in this case that, with the onset of rigor mortis, tlie heart 
decreased by 475 e.e. (2,400 - 1,925) this would imply that during life the amount 
of residual blood was 1,065 c.c. plus 475 c.c., or 1,540 e.c. Both the right and left 
auricles contained very considerable quantities of residual blood, and thi.s was, for 
the most part, tiie cause of tlie configuration of the heart in the roentgenogram ante 
mortem. The cause of the enormous dilatation of the auricles proved, at autopsy, 
to be extreme mitral and tricuspid stenosis. 


From these two examples it appears that the quantity of residual 
blood during life in certain cases of grave lieart insufficiency may ap- 
proach several liters. By means of roentgenologic ante- and post-mortem 
volume estimations, combined with estimations by means of the dis- 
placement method and measurement of the blood content of the different 
chambers of the heart post mortem, it has become possible to study more 
closely the amount of residual blood in different cases during life. 


THE IMPORTANCE OF MEASURING THE CIRCULATION TIME IN ESTIJIATING 
THE AMOUNT OF RESIDUAL BLOOD 

The fundamental symptom of cardiac insufficiency wlien the patient 
is resting in bed is congestion of either the lungs or the vena cava 
area, or both. In estimating the degree of congestion in the vena cava 
area, tlie usual metliod is to measure the pressure in a I'ein of the arm; 
and, without going into furtlier detail, I will only say that venous pres- 
sure normally amounts, at most, to 10 cm. of blood. Unfortunately, 
we have no method of measuring tlie pressure in the pulmonary veins. 
The only possibility at present of estimating objectively the presence 
and degi’ee of lung congestion is by means of roentgenologic examination. 

Blumgart and Weiss ’s=® method of measuring the circulation time 
opened new possiliilities for judging the degree of congestion. These 
investigators injected radium emanation into the vein of an arm. Then 
by a special method, the time of arrival of the radium emanation in tlife 
right half of the heart was established, then in the left half, and finally 
m the arterial system, e.g., in an arm. The method was simplified later 
and other test substances, such as decholin, saccharin, fluorescein, hista- 
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mine, lobeline, and magnesium snlfate were used. I employ a 20 per 
cent solution of deeliolin, wliieli is injected into the vein of an arm and 
the time which elapses after the injection until the patient becomes 
aware of a bitter taste is measured. In this way the circulation time 
from the vein of the arm by way of the right half of the heart, the 
lungs, and the left half of the heart out into the arterial system to the 
tongue, is measured. Several authors have used this method and have 
reported results that are in general agreement. Thus, according to Tarr, 
Oppenheimer, and Sager, the normal circulation time varies betAveen 
10 and 16 seconds. Wlien congestion is present, either in the lungs, 
the vena cava area, or both, the circulation time is considerably pro- 
longed, as has been clearly established by many authors during recent 
years. Congestion increases the circulation time to as much as 60 
seconds or more. 

Since 1933 we have measured the circulation time at the Seraphim 
Hospital and the Sabbatsberg Hospital in a considerable number of 
cases of heart disease. With regard to measurements of the circulation 
time alone, we have had, on the whole, the same experiences as other 
authors, but we have compared these measurements with the results of 
other examinations, particularly heart volume and venous pressure. It 
has been proved, as I shall show, that factors other than congestion, 
i.e., increased venous pressure, affect the circulation time. 

During recent years Ave have directed our attention not only to tlie 
time that elapses from the time of injection until the bitter taste is 
perceived, but also to the patient’s taste sensation. Thus, in several 
cases we have been able to fix the time of both maximal taste sensations 
and cessation of sensation, Avhich normall.Y occurs, at the latest, about 
30 seconds after the injection. 

We have folloAved several patients AA'ith cardiac insufficiency. Avith re- 
peated measurements during their return to compensation, as in tlse 
folloAA'ing case; 

The patieut was 55 years of age, and had hypertension and conjestive lieavt 
failure. At the first examination the patient had anasarca, a heart volume of 2,100 
e.c., and a venous pressure of 24 cm. Measurement of the ciz’culation time: the 
first perception of taste Avas much delayed, i.e., 40 seconds, and the hitter taste did 
not disappear until after 70 seconds. Somewhat over three weelcs later the conges 
tion had diminished; the body weight had decreased by 5 kg.; the venous pressure 
had decreased to about half, i.e., 13 cm.; the time interval for the first taste sen 
sation was considerably shortened, i.e., 18 seconds; and tlie duration Avas certain!) 
shorter, i.e., 55 seconds, but nevertheless was considerably longer than normal, 
month later, Avhen the congestion and edema had disappeared, and the patient la 
lost 17 kg. in weight, and the venous pressure was only 6 cm. Circulation time: 
the first taste perception occurred after 20 second.^, was maximum at 30 secon s, 
and ceased at 40 seconds. The heart volume had decrea.«od to 1,800 c.c., u 
heart was still considerably enlarged. 

The duration of the taste sensation was still prolonged, a f«ct to 
Avhich, in my opinion, the greatest attention should be giA en. T le sioiu 
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cance of the fact that, with an enlarged heaxT and no congestion, Uie 
circulation time is prolonged as regards both the first taste sensation 
and, above all, its duration, probably is that the enlarged heart is 
dilated and contains a considerable amount of residual blood. When 
tlie heart contains a large amount of residual blood, it must take a eon- 
siderablj" longer time for the heart to empty its blood, including the 
deeholin, than for a heart of normal size with a small amount of residual 
blood. As examples of prolonged circulation time measured with 
deeholin — and, above all, prolonged duration of the taste sensation 
when the heart is dilated and there are no signs of congestion, the follow- 
ing three cases are presented. 


Case l.—G. R., a fitter, aged 02 years, had coronary sclerosis and hypertension, 
and had been short of breath on exertion for several years. His general condition 
was good. The sedimentation rate was 3 mm. in one hour. The urine was normal. 
The patient had no fever. 

Physical examination showed no symptoms of cardiac insufidciencj' at rest. The 
blood pressure was 170/110. There were no cardiac murmurs. The patient had 
auricular fibrillation and a venous pre.ssure of 8 cm. Circulation time: The first taste 
sensation occurred at 35 seconds, and taste perception ceased at 55 seconds. 

Roentgenologic examination showed that the heart measured 17.5 in length, 13 
in breadth, and had a sagittal diameter of 15 cm. The volume was 1,430 c.c., i.e., 
700 c.c. per ms of bodj' surface. Tlie heart was generally enlarged, with some 
preponderance of the left ventricle. There was no congestion in the lungs. The 
cardiac pulsations were rather small and irregular. 

The electrocardiogram showed auricular fibrillation, with a ventricular rate of 
60 per minute. QRS measured 0.09 seconds. T, was positive, T., positive, and T,, 
isoelectric. The S-T interval was .slightly depres.sed in Leads I and II. The ven- 
tricular complexes were slightlj’ notched in all leads. Diagnosis: Auricular fibril- 
lation and partial bundle branch block. 


Case 2. — The patient was a 19-year-old schoolboy with congenital heart disease, 
i.e., isthmus stenosis with an enormous heart; the volume was 1,800 c.c., i.e., 930 c.c. 
per m2 of body surface. There was no congestion anywhere. His venous pressure 
was 9 cm. At that time he still had a good reserve of strength, and performed even 
the severest functional test without ditficulty. He played football without becom- 
ing breathless. Circulation time: first taste sensation at 20 seconds, maximum at 
40 seconds, and cessation of taste sensation after 00 seconds. This case, in which 
congestion was entirely absent, was an c-xcellent example of the fact that pro- 
longation of the circulation time is determined by tlie degree of cardiac dilatation, 
i.e., by the amount of residual blood. 


Case 3.— The patient was a 45-ycar-old lift attendant who, for twenty-seven 
years, had had rheumatic mitral disease. Beginning in 1924, he had been a patient 
on many occasions at a number of hospitals in Stockholm, including the Sabbatsberg 
Hospital in 1940. After 1933 the heart volume increased enormously. On his ad- 
mission to the Sabbatsberg Hospital, in 1940, remarkably enough there was no edema. 

His graeral condition was fair. He had no fever. The sedimentation rate was 
26 mm m one hour. Physical examination showed no edema, but somewhat pro- 

™ exertion. The liver was palpLe 

was wSsTthe dtU f “offoo cirrliosis?). The blood pressure 
uas 140/80, the ntal capacity, 2,530, and the calculated vital capacity, 3,850. ' 
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The circulatioii time could not be measured -with 5 c.c. of a 20 per cent decholin 
solution because the patient did not perceive any bitter taste. With 10 cc of a 
20 per cent decholin solution, the first taste sensation nras felt after 40 seconds. The 
taste sensation disappeared after 65 seconds. 

Pronounced pulsations -were visible over the precordia. The heaving apical im- 
pulse covered four fingerbreadths in the fourth intercostal space. Accentuated 
diastolic tliriUs were present over the lower left part of the thorax. Over the whole 
heart there was a long-drawn-out systolic murmur, with maximum intensit\' at the 
apex. At the apex, also, there was a long-drawn-out, rolling diastolic murmur. To 
the left of sternum a fairly long, rushing diastolic murmur was heard. 

E-oentgenologic examination showed that the heart was enormously enlarged, 
with pronounced pulsations all over. The total heart volume was 3,450 c.c., i.e.j 
1,740 c.c. per m 2 of body surface. There was moderately pronounced congestion 
of the lungs. 

The electrocardiogram showed auricular fibrillation, with a ventricular rate of 
90. T, was negative, and T, and T. were positive. QES measured 0.09 seconds. 
The ventricular complexes were notched in all leads. Diagnosis: Auricular fibrilla- 
tion, partial bundle branch block, and coronary insufiSciency. 

Tliis ease tras remarkable in several re.spects. In the first place, I 
had never before seen such a large heart. Probably all the chambers 
of the heart tvere considerably dilated. Both the left and right auricles 
contributed veiy considerably to the enlargement, but it is extremelv 
probable that, to a certain extent, the ventricles also participated. In 
the second place, the patient did not perceive any bitter taste ■with the 
ordinary amount of decholin, namely, 5 c.c., which every normal person 
and cardiac patient reacts to promptly. (It is naturally not ideal to 
use decholin as a test substance because the result depends on the sensa- 
tion of taste.) In this ease the explanation probably is that the large 
amount of residual blood diluted the decholin so much that no hitter 
taste was perceived. Not luitil twice the usual amount was given could 
the circulation time be measured, and then it was clearly prolonged: 
above all, the taste sensation was very protracted. 

Study of these three eases of considerable enlargement of the heart, 
in which there were no insufficiency sxTnptoms during rest (the venous 
pressure was practically normal, and there rvas no pulmonary stasis) 
shows clearly that the circulation time is determined not only by the de- 
gree of insufficiency and eonge.stion, but also — and to a considerable ex- 
tent — by the magnitude of the dilatation of the heart and, aeeordingl.v, 
the amount of residual blood, a circumstance to which attention has not 
been paid previously. It is not impossible, perhaps, in eases in which 
congestion is absent, to arrive at a conception of the degree of dilatation 
and the magnitude of the residual blood by means of measuieinents of 
the circulation time. An improved method for this purpose is being 
worked out, and experiments rvill be made to ascertain approximate j 
the magnitude of the residual blood. 


SUAIAIARY 

The question whether the heart empties itself completely during sys- 
tole has long been the subject of discussion. Evei’^'thmg mdieates that 
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sucli is not the case, either under physiologic or— still less— under patho- 
logic conditions. ' • 

Conceding the amount of blood whicli remains in tlie heart after 
systole, the so-called residual blood, extensive investigations liave been 
made at the Seraphim Hospital and the Sahhatsherg ITosi)ital. These 
investigations comprise (1) roentgenologic heart, volume est,imations 
under both physiologic and pathologic conditions, (2) posf-moiTem 
roentgenologic volume estimations, (3) post-mortem estimations of the 
heart volume by the displacement method, and (4) measurements of the 
capacity of the cavities. By this means, and with the help of circulation 
time measurements on patients with congestive heart failure and other 
patients with dilatation of the heart, but no failure, the amount of 
residual blood during life has been calculated approximately. 

These investigations have shown: 

(1) That, under botii physiologic and pathologic conditions, the 
roentgenologic heart volume is subject to considerable changes -which 
are due to variations in the amount of residual blood. 

(2) That, with the help of ante- and post-mortem roentgenologic 
heart volume estimations, displacement c.stimations of heart volume, and 
measurement of the capacity of the cavities, it is possible to calculate 
approximately the residual blood during life. In certain cases the 
amount of residual blood during life may be quite large. 

(3) That prolongation of the circulation time is not only an expres- 
sion of congestive failvire and retarded circulation — as has been gen- 
erally considered — but is also, and lai-gely, an indication of the amount 
of residual blood. 

A method is being worked out for measuring the rc.sidnal Idood in vivo. 
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RESTING PERIPHERAL BLOOD FLOW IN THE ANE:\1I0 STATE 


David T. Abramson, ^I.D., Sidnky ]\1,D., and 

Kamillo PYacus, !M.D. 

Cincinnati, Ohio 


I T IS well known tliat palienis willi anemia, even ol! a severe degree. 

.show very few signs of cardiac distress Avhen at rest. Since the func- 
tion of oxygen transport is affected by anemia, it. would be expected that 
certain cardiovascular adjust, mcnls nursl take place in order to main- 
tain an adequate supply of oxygon to the tissues. In this connection, 
iMorawitz and Rotnner' found that venous blood from re.sting patients 
with anemia had an oxygen saturation of only Id to hO per cent, ns 
contrasted with 60 to To per cent in normal blood; this suggested that 
a greater than normal dissociation of oxygen from the hemoglobin takes 
place under these circumstances. ]*'urthcr, a numbci’ of investigators 
have noted a moderate augmentation of cardiac ontjnit"''’’ and a reduced 
arm-to-tongue circulation time;*'”' thc.se observations constitute indirect 
evidence for the view that, tlierc i.s also an increased rate of blood flow 
in anemia. In contrast, Stewart,' using the calorimeter, found a dimin- 
ished circulation in the hand in this state, and I-'ahr and Ronzonc” noted 
many contracted cutaneous cajullarics in the linge)'ti)>s. According to 
the latter inve.stigators, part of tlie oxygen supply to tlic ti.ssucs may be 
obtained by .shifting of blood from the .skin to other areas, where the 
metabolism is more active. 

Since no adequate quantitative study of the jieripheral circulation in 
human subjects with anemia has been re])orted, it. was thought worth 
while to apply tlie venous occlusion plctliysmograjihic method to this 
problem. 


■AIKTllOD 

Eleven anemic patients \YitU no complicating factor.'*, sueli as org.'inic lieart disea.^e, 
were studied. The type and cause of the anemia and the degree of defieioncy in tlic 
erythrocyte count and hemoglobin content dift'ered in the various subjects. Only 
2 were less than 50 year.s of age, and 7 were above CO. Blood How ineasuromcnf.s, in 
c.c. per minute per 100 c.c. of limb volume, were generally made simultaneously upon 
tlie two upper extremities; tlie tccliniquc employed was identical in all respects with 
that previously reported.o The toniporature of the water in the plctliy.smograph was 
maintained at 32° C., and tiic room temperature varied between 25° and 27° C. 
Fifteen to 20 readings were made after the patient had become accommodated to 
the environment and all psychic stimuli had been minimized. Tlio pulse rale and 
blood pressure were ascertained in each experimental period. 
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results 

The results obtained were compared with those from a series of 25 
normal pei-sons of approximately the same age. The average eonti^ol 
blood flow for the forearm was. found to be 1.6 c.c. per minute per 100 
e.e. of limb volume (a - 0.3)/^ whereas that for the hand was 8.1 c.c. 
(o- - 3.5). Table I reveals that the forearm blood flow in 7 of the sub- 
jects with anemia was definitely increased ; in 1 the readings fell within 
the higher range of the normal group ; in 2 they were the same as the 
average of the controls; and, in 1 (L. Y.), the flow was below normal. 
The small flow in the case of subject L. Y. may be explained by the fact 
that he had been bedridden for many months. Patients IM. S., C. B., and 
P. I. were examined on two occasions, and the readings recorded in 
Table I are the average of the different measurements. The average rate 
of forearm blood flow for the whole group of anemic patients was 2.5 
c.c. per minute per 100 e.e. of limb volume, as compared mtli 1.6 c.c. for 
the normal subjects. 

Table I 


Rate of Eestixg Blood Flow ix Anemic Patients 


SUB- 

JECT 

AGE 

BLOOD 
C.C. n 
PER 1 
LIME 

HAND 

PLOW IN 

:r min. 
00 c.c. 

A'OL. 

FORE- 

ARJI 

B.P. 

PULSE 

E-ATE 

HGB. 

(GM.) 

E.B.C. 

REMARKS 

M. S. 

U 

9.5 

3.9 

120/70 


7.4 

2.8 

M. 

Secondary anemia 

L. Y. 

74 


0.8 

106/50 

72 

8.4 

2.8 

M. 

Debilitated 

C.K, 

6S 

3.3 

1.7 

120/74 

84 

7.25 

2.23 

M. 

Acute bleeding; 










tbroinbocytes, 127,006 

C. B. 

59 

6.2 

2.0 

96/56 



2.9 

M. 

Bleeding peptic ulcer. 

A. L. 

75 

4.1 

2.2 

nagtii 


7.4 

3.5 

M. 


H. C. 

24 

5.5 

3.8 

R nBrnl 

92 

9.6 

3.0 

M. 

Banti's disease 

A. B. 

54 

7.3 

2.2 


88 

7.7 

4.4 

M. 

Ca. of stomach 

E.E. 

72 

11.1 

3.3 

200/60 

105 

6.8 


M. 


A. K. 

G5 

5.7 

1.5 

100/82 

82 

9.4 

2.8 

M. 

Nutritional anemia ? 

P. I. 

63 

3.8 

2.3 

158/88 

72 

7.6 

2.8 

M. 

Pernicious anemia 

H. F. 

76 


3.8 

114/54 

87 

5.1 

1.8 

M. 

Hemolytic anemia 


As regards the circulation in the hand, the general trend appeared to 
be towards a somewhat decreased or low normal blood flow. Three 
patients had readings that were significantly less than normal, whereas 
those of the remaining six fell witliin the control range. The average foi 
the group, as a Avhole, was 6.3 c.c. per minute per 100 c.c. of limb volume, 
as compared with 8.1 c.c. (o- — 3.5) for the normal persons. No distinct 
relationship appeared to exist betAveen the degree of anemia and the rate 
of blood flow through either the hand or the forearm. 

DISCUSSION 

As previously stated, there is some evidence for the view tliat a greater 
than normal utilization of the arterial oxygen t.akes place m anem . . 


‘Standard deviation. 
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AVitli respect 1o lliis liyitolliosis, Lilicsti-juicl atul Slciislroin-' liave sug- 
gested that llie ability of the tissues to olitaiii oxygen imcler tlie reduced 
tension that is iiresent in the aneniie state dc])ends upon 1i)o o])ening up 
of new capillaries, with a consequent increase in the diffusion surlaeo. 
However, there is a definite limit to the quantity of oxygen tlnit can be 
made available thinugh Ibis means, for, the lower tbc hemoglobin con- 
tent, the smaller will be the absolute amount of the gas which can be 
given off from each 100 c.c. of blood. 

Increase in the cardiac output-'® and liie tendency toward an aug- 
mented peripheral circulation through ll)c forearm, as observed in the 
present study, constitute evidence for the view that another coiniiensa- 
tory mechanism operates in the anemic stale, namely, an increase in the 
rate of blood flow through the tissues. Tlic relative decrease in the 
circulation in the hand cannot bo interju-eled as suggesting a shunting 
of blood from the cutaneous vessels to other vascular beds, for the blood 
flow in the hand is normally affected by many ty])cs of vasoconst.ricting 
stimuli.’® 

It would appear, therefore, that, in the anemic slate, a normal oxygen 
supply to the tissues is maintained by both a moderate inerca.se in the 
rate of blood flow and a greater utilixation of the oxygen in the arterial 
blood. However, since tho.se are the mechanisms called into play in the 
normal .sub.iect during muscular work, it is obvious that the cardio- 
vascular system in the resting anemic subject is, already geared to the 
equivalent of a higher level of effort, and hence even .slight ])bysieal 
exertion may heavily strain it.s ca])acit.y. 

SUMMARY 

By means of the venous occlusion plethysmographic method, the 
peripheral circulation was investigated in a series of eleven ])atients with 
anemia of various types. 

A moderate increase in blood flow was observed in the forearm, but 
in the hand the readings were, for t!\c most ]mrt, within the lower ]-ange 
of normal or somewhat decreased. 

The observations on the forearm constitute direct confirmation of the 
view that one of the compensatory mechanisms elicited in the anemic 
state is an augmented circulation through the lissues. 

The authors wisli to exprcs.s (heir appiee.iatiou to Mrs. AViUiam lAUlel'ovU for 
valuable technical assistance. 


RKl-'EREXCKS 


1. Alorawitz, P., aiul Kbhincr, AV.; Ueber die SauerstolTvur.«orcuiiir bei AnaTiiien, 

Deutsche.s Arch. f. klin. At^il. 94: .-|2!>, 190S. 

2. Plesch, .T.: Hainodynainische SUulien, Zl.schr. f, e.xpcr. Path. u. 'J'herap. 6; 

ooO^ 1901), 

3. I'ahr, G. P., .and Ponzonc, K.; Circulatory Conipeusiition for Deficient Oxvcon 

the Blood in Severe Aiieiniii.s, -Arcli. Int. IMed! 29; 

ool^ 



612 


-VI'IERICAX HEART JOURNAL 


JL LiI.ies^traii(L G._. and Stensrroiii, Work of the Heart During Best; The 

InSnence of Variation in the Haemoglobin Content of the Blood 'Flow. 
Acta med. Seandinav. 63: 130. 1925. ’ 

'■•3. BichaxdSj D. W.. -Jr., and Strauss. kL H.: Girculatora Adjustments in Anemia. 
J. Clin. Investigation 5: 161- 192S. 

■'6. StevraTt. E. J.. Crane. F., and Deitrick. J. E.z Studies of the Circulation 
in Pernicious Anemia. J. Clin. Investigation 16: 431. 1937. 

, 1 . Blumgartj E E. Gargill, S. L.. and Gil l igan. D. B.: Studies on Veloeitv of 
Blood Eovr: Veloeitv of Blood Eorv and Other .Aspects of the Circulation 
in Patients Witb •-PrimaTy-" and Secondary Anemia and in Two Patients 
'■ With Polycythemia Vera, j" Clin. Evesrigation 9 : 679. 1931. 

S. .Stewart. G. E: The Blood How in the Hands and Feet in Xormal and 
Pathological Cases. Section FT. The Anemias. Harvey Lectures 8: 113. 
1912. 

9. la') Abramson, D. L, Zazeela, E, and klarrus, -L; Plethysmo^phic Studies 
of Peripheral Blood Eow in klan. L Criteria for Obtaining Accurate 
Plethysmographic Data, Aai. Hva 2 - J. 17: 194. 3939: (b) Ferris, E. B., Jr., 
and Abramson. D. L: IDescription of a Hew Piethy.-mograph, AiL Heart J. 
12: 233. 1940. ' 

10. Abramson' D. E and Ferris, E. B., -Jr.: Besponses of Blood 1 esseB in the 
Besting Hand and Eorearm to Various Stimuli, -Am. Heart J. 19: 541, 
1940. 



THE KANC.E OP THE NORMAH HEART IN ATJILETES 


J. W. Wii>CE, UXi. 
CoEtiMRUS, Ohio 


D iseases and defects of llic cardiovascidar system seem to be the 
principal causes in total disfinalificalions for any military service. ' 
In our war for survival, the serious analysis of all possible factors 
contributing to total rc.icetion for active service and possible procedures 
for their correction seem fundamentally essential. Had I not held the 
deep conviction that my seemingly academic subject has very practical 
relationships to our present and future military efforts and general man- 
power consei'valion, I would not have ]n-epared this paper. 

Nationally speaking, many athletes who should furnish .some of our 
be.st general military, officer, and aviation pilot material are being 
legitimately rejected from service for cardiac, as well as for many other 


medical and surgical, conditions. Broad participation in comj)ctilivc 
athletics and strenuous I'ccrcative s]>ort. and ))hysical cducatioJi for 
practically all ages and both .sexes is a definite and characteristic part 
of the life of our American democracy, but there is still a groat deal to 
be learned concerning the cardiae effects of athletics. 

Constant consideration of the many atid varied medical aspects of 
exercise is appropriate, in order that its effects may be continuously 
constructive. Some of us have made investigations of certain parts of 
the field, and much information has been acquired, but our kTiowlcdgc 
is still incomplete. The Lcvinc-Sosman group’s continuing study of 
marathon runners and the Harvard Grant study seem particularly 
promising. 

The essential background of the general athletic cardiac question is 
found in the following selected opinion.s. White say.s, “Physical work 
and^ exercise do not cause heart di.sea.se, though they ma}”^ precipitate 
or aggravate symptoms and signs of heart disease already ])resent and 
may icmporarihj exhamt ilic cardiovascular reserve even in a hcalthij 
individual.”- Lewis states, “Burdens imposed by ]>hy.siologieal acts 
upon the normal heart, however heavy these Imrdens, may be said 7icvcr 
to injure heart fibers, never to produce injurious dilatations, and nct'cr 
lo exhaust the heart’s reserve.”^ Dublin, whose work on the longevity 
of college athletes is cla.ssic, states that “Indulgence in athletics may in 
a good many in.stanees have deleterious effects on the heart, especially 
if care ful selection and .supervision of athletes by trained men is not 
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available. Cole states, “Our business is to look ior cardiac defects 
and protect the defective heart. For the heart that has proven itself 
liealthy we have no concern. ’ But what is a ‘ '■ healthy, ' ’ so-called ‘ ‘ nor- 
mal’' heart from the athletic standpoint? 


PRESENT STUDY 

The writer has made an investigation which was started to obtain 
evidence concerning the following postulates; 

1. “Athletic heart, ” in the sense of a permanently enlarged, clinically 
inferior heart, does not exist in the absence of etiologic factors Avhich are 
scientifically accepted as the cause of actual or potential cardiac disease. 

2. Tinder lyresent conditions of American athletics, many inferior or 
]iotentially inferior hearts of competing athletes may have their in- 
feriority factor increased by athletic competition or by any degree of 
exercise Avhieh is too heavy for a particular person. 

3. Certain so-called normal hearts may show relatively minor, transi- 
tory, physiologic size changes Avhieh have little, if any, practical clinical 
significance. 

The present study gives objective data concerning the supposedly nor- 
mal hearts of American athletes as they present themselves for healtli 
examinations. 

The evidence submitted at this time is based primarily on a thirteen- 
year study of the hist ory and cardiac size of 233 male American athletes 
Avhose ages ranged from 16 to 80 years; they Avere selected from 3,000 
cases. The eases are aa'cII distributed up to the age of 50. The classifi- 
cation of “athlete” is based on my OAvn judgment, after forty years 
of contact Avith the field in varying capacities. 


Table I 


Age Eaxge op American Male Athletes 


AGES 

NUMBER IN GROUP 

per cent 

l{5-24 

59 


25-29 

61 

24.20 

30-39 

74 

29.36 

40-49 

34 

13.4.9 

50-59 

19 

7,5o 

60-69 

3 

1.19 

70-79 

1 

0.39 

Over 79 

1 

0.39 

METHODS USED 


Orthodiagrams Avere made of the anteroposterior heart shadoAV ni 
diastole during cjuiet respiration, in the upright position (as well as 
many “obliques” in questionable cases). The cardiac area Avas measure 
with a planimeter, after completion of the upper and lower borders. 
Area and diameter were ascertained, and percentages of the deviations 
from normal were computed according to the Hodges and Eas ei 
postulated noi’inal cardiac areas and diameters, based on age, ici-, i , * 
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weiglit. using the Kurtz nomogram, and checked with tlie cardiac slide 
rule. The size was also ascertained by the cardiothoracic ratio method 
o£ Danzei', but this Avas considered less accurate. 

The study is secondarily a clear illu-slration of the great, variation 
in the e.stimate of heart size by these methods. 

Electrocardiograms, functional test.s, and the e.ssentials of physical 
examination were obtained in a large percentage, but not in all, of the 
cases. 

In this study, plus 10 per cent is considered the upper limit of normal 
area; 0 per cent is the average normal of both area and diameter figures. 
Tlie area method of .iudgment as to size was used primarily. 

Tablk II 


CAianAc SizK OF Amkiuc.ax Athi.ktf.s 



1 

AGE 

% 

DF.VIATIOX 

AREA 

■}* 

% 

DEVIATION 

AKEA 


% , 
DEVIATION' 

DIAMCTEP. 

% 

c.T.n. 

Means 

Extreme.s 

.12.0 

17. To 

8.01 1 

9.5 1 

! 

0.51 

1S.S9 

a) Max. 

80 I 

(iij..! 

27.8 

11.2 

28.17 

00.0 

b) Min. 

Hi 

0 

o.s 

0 

0 

.'IS.7 

Cases 


177 

1 77 

101 

93 

251 

Algebraic Mean of % 
Deviation 

j Areas 

! 

9.91+ 

Diameters 3.03+ 



A B C D 




r, h. — Maximum and minimum heart areuK in study Rroups. .-I, 3000 atlileto.s • 

233 por.son.s. American male athletes; stntl.stic.s in Table II- C 
■ganm’ oi- "niarKed inferiority factor” liearts; increa.sed lnim'\’ bv 
.... , 1 , , c. -'“Weets. .See .statistics In Table IV; n, "normal” hearts of 

31. athlete.s. See statistics in Table HI. m-aii.s oi 


ARE ATHLETF..S’ HEARTS XORAIALLY EXLAR(iEl)? 

The popular belief of laymen and many ])hysieians is that tlie Jiearl, 
like any other muscle, enlarges under conditions of work or exercise'. 
Athletes’ hearts are not all enlarged; some are enlarged^, some arc nor- 
mal, and some are small. In my series the cardiac areas ranged from 
plus 65.5 per cent to minus 27.8 per cent. The algebraic mean of all 
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areas from 233 persons and 254 tracings was plus 9.94. One hundred 
thirteen of 233 hearts were ahsoititely enlarged, that is, larger than 
the allowed oiormal area range of 10 per cent above average normal 
(0 per cent). One hundred twenty were below this standard of 
normal size. Absolute enlargements exist, and would be' called athletic 
hearts by some, hut size increase may be explained by inheritance, dis- 
ease, or deficiency factors before, during, or after active sport. 

A few eases illastrating the present heart sizes of older athletes are 
presented in Fig. 2, 


A B c 



Fig-. 2. — Athletes’ geriatric aspects. Five cases illustrating present heart sizes at 
older athletes. (C.T.R. = Cardlothoracic ratio.) A, Aged 80 years, Ht. 72 inches, 
Wt. 206 pounds, area 49.6% plus, diameter 38.4 plus, C.T.R. 53.5%. B, Aged 50 
years, Ht. 74 inches, Wt. 218 pounds, area 1.47% plus, diameter 6.61 minus, C.T.B. 
46.6%. C, Aged 62 years, Ht. 66 inches, Wt, 174 pounds, area 11.92% minus, C.T.R. 
54.3%. D, Aged 53 years, Ht. 68% inches, W't. 190 pounds, area 19.64 % minus, 
diameter 40.67 plus, C.T.R. 57.8%. E, Aged 55 years, Ht. 73% inches, WL 179 pounds, 
area 27.8% minus, C.T.R. 42.8%. 


A. Tale a-thlete. One of the earliest football and crew men, aged SO years. 
Cardiac area 49.6 per cent plus deviation. This sportsman and golfer, forty years 
after college competition, gave a history of many potential heart disease factors, in- 
cluding diphtheria. Increased heart size is explainable as a result of disease plus 
sport factors. Although his heart -was organically enlarged, his general constitu- 
tional strength made possible a long and useful life. Pneumonia was the cause of 
death. 

B. One of Michigan’s greatest Olympic track and football stars, thirty years after. 
Cardiac area showed a 1.47 per cent plus deviation. 


C. Cornell and Pennsylvania athlete, aged 02 years, fine all-around athlete in 
coUege— basebaU, football, track, sprinting. Practice of medicine and moderate 
recreative sports since. Excellent condition for age. Cardiac area shoued 11.92 per 
cent minus deviation. 

D. One of Colgate’s greatest all-around athletes, Olympic track J'urdle 
and All-American football player, thirty years after competition. Cardiac ar 
showed a 19.64 per cent minus deviation, 

E Washington and Jefferson all-around athlete, aged 55 year^. Card" 
showed a 27.8 per cent minus deviation. This area was much below the avemg 
Ton^, spit, of tho histoiT of P'ovel, organic rheocctic Leort n.tl 

rheumatic fever three years before examination. 
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normal cardiac variations in relation to body habitus 

The iisual normal constitutional variations in heart shape are natu- 
rally also normal for athletes. The vertical cardiac position is less fre- 
quently seen than the oblique and lateral. An excellent illustration of 
this normal contrast is furnished by two Chicago University athletes 
twenty years after competition (Fig. 3). From personal knowledge, 
these were two of the best all-around athletes in the old days of Chi- 
cago ’s athletic superiority. Thej’- had approximately the same athletic 
experience, namely, football, basketball, baseball, and track, both in 
high school and college, approximately the same postgraduate exercise, 
and no recognizable potential or organic heart disease factors. There 
was much less than the usual degree of dental caries in both cases. 


A B 



Fig. 3. Fig. 4. 


Fig. 3. — Normal body habitus and cardiac variations. A, Aged 42 years, Ht. 68 
inches, Wt. 180 pounds, area 32.45% plus, diameter 23.86 plus, C.T.R, 69.2%. B, 
Aged 48 years, Ht. 73 inches, W^t. 180 pounds, area 12% minus, diameter 6.82 minus, 
C.T.R. 40.4%. 

Fig., 4. — Twenty-year follow-up of two Wisconsin crewmen. A, Aged 37 years, Ht. 
72 inches, Wt. 182 pounds, area 20.63% minus, diameter 10 minus, C.T.R. 48.1%. 
Normal heart. B, Aged 42 years, Ht. 74% inches, Wt. 227 pounds, area 18.7% plus, 
diameter 12.5 plus, C.T.R. 52.7%. Deceased age 49. Lymphosarcoma. 

Twenty years after competition, the heart area of the man of sthenic tj'pe 
showed a 32.45 per cent plus variation, whereas the area of the heart 
of the tall, coordinated, so-called true athletic type showed a 12 per cent 
minus variation. It is fair to say that the sthenic athlete had more 
natural energy. Both engaged in track sports and baseball in the 
spring, but the sthenic man had indulged in two-mile competition in a 
small quantitative degree, whereas the taller man had indulged in much 
less strenuous high jumping. 

TU’ENTY-YEAR FOLLOW-UP STUDY OF TWO WISCONSIN CREW MEN 

Two cases are presented (Fig. 4) as twenty -year “follow-ups”; these 
boys were in the Schumacher and Middleton® series at Wisconsin in tlie 
years 1912 and 1913. Both boys were excluded from crew work at that 
time because of enlarged hearts. Twenty years after the first examina- 
tion, the heart of the first man (Case 14) was not enlarged and showed 
no evidence of disease. It is entirely possible, of course, that the heart 
was enlarged at the earlier time, and returned to normal when the' lad 
was taken away from intensive activity. The heart may have been saved 
a longer period of enlargement by restriction in exercise. 

The heart of the second man (Case 15) was entirely different. Twenty 



618 


AMERICAN HEART JOURNAL 


years after the first examination it was enlarged, and the electrocardio- 
gram showed an abnormal degree of left axis deviation. The basal 
metabolic rate at the time of my examination, in 1933, was -24 per cent. 
This man has not indulged in active recreative sport in the degree that 
might have influenced his heart size since graduation. I believe'that this 
heart inherited a tendency to abnormality. The myxedema heart syn- 
drome is possible in this ease. Other inferiority factors, outside of a 
slight chronic sinus condition, played no part. I believe that this heart 
was enlarged at the time of the Wisconsin examination, but that it was 
even then a “hypothyroid heart,” possibly exaggerated by high school 
atlfletic experience. This is purely an opinion. I knew the physical and 
personal characteristics of these men at the time of the Middleton ex- 
amination. 

It may be of significance that the lymphoid disease tendencies in 
Case 12 of my series have been confirmed ; this man recently died at the 
age of 48 jmars from lymphosarcoma. I cannot correlate any athletic 
factor with his early death. 

It was not until 1927 that the English translation by an outstanding 
internist, Louis M. Warfield, of Heart and Athletics, by Felix Deutseh 
and Emil Kauf, gave real support to the previously questioned presenta- 
tion of Schumacher and Middleton.® 


“strictly normal” athletes’ hearts 


Strietl}^ speaking, a normal, health}^ lieart is one which shoivs no evi- 
dence of organic disease, congenital or acquired, no abnormal variation 
in size or shape under accepted standards, no evidence of deficiency or 
degenerative conditions, no abnormal variation in functional efficiency, 
and no history of anj'^ condition which is knowm to predispose to heart 
disease or to favor it. 

The most amazing thing to me in my entire study was that, by these 
present-day’- standards, only twenty-nme hearts in my entire group of 
233 cases were “normal.” If we omit from our definition “no abnormal 
variation in size or shape under accepted standards, ’ ’ thirty’-seven were 
normal. 

I have classified these thirty-seven athletes, who have competed in- 
tensively in American sport and qualified under the above definition 
of “strictly^ normal,” as normal. They'- have never had organic disease, 
or any disease included in the army and navy lists or in the criteria 
for cardiac diagnosis as potential heart disease factors, namely, scarlet 
fever, chorea, diphtheria, measles, rheumatic fever, tonsillitis, influenza, 
typhoid fever, syphilis, gonorrhea, tuberculosis, or chronic focal in- 
fection.®’ ’’ They are normal athletes, with absolutely normal function, 
so that atliletics is postulated as the only possible influence on heart size. 
The evidence, that of their own histories, is limited in accuracy, as is a 


patient’s testimony'. . 

The range of normal of these hearts is showm in fable Iff. 


These 




Hypothesized as Thysioiogic “Athletic” or “Worh” Hearts 


OS] 


6 
10 

23 
1 
11 
20 
14 
19 

9 

4 

28 

17 (b) 
29 (b) 
13 

29 (a) 
8 

24 (b) 
12 

25 

24(a) 

17(a) 

27 

16 

24 

30 

22 (b) 

26 
21 

22 (a) 


iS. W. 

S. M. 
M. S. 
J.D. 

G. S. 

J. G. L. 

.T. G. 

E. H.E. 

H. S. S. 
E. G. 

C. C. C. 

B. C.T. 
E.S. 

C. S. 0. 

A. H. 

H. D. S. 

O. B. S. 
H.S. 

H. -W. 

G.F. 

B. B. 
W.IV. 
E. E. 

P. G. 

D. P. 

B. Jl. 
M.P. 

B. 

B.C. 


0.826 

1.69 

2.43 

2.479 

2.52 

2.9 

2.9 

3.64 

6.03 

6.37 

6.45 

6.96 

7.62 

8.7 

9.92 

9.92 

10.43 

17.69 

17.1 


0 

I 7.26 
7.87 
1.6 
4.23 
0 

18.4 
5.41 

9.93 
3.97 
6.35 

.573 

12.68 

10.5 i 
1.502 

8.94 
6.3 

13.62 

11.81 

7.9 

5.425 


size order, but is given order number 6 (b) to d?ffe?enUate! ® 
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areas range from deviations of 20.3 per cent pins to 17.69 per cent minus. 
The algebraic mean area was 1.29 per cent pins, against a postulated 
upper limit of normal of 10 per cent pins. The algebraic mean diameter 
was 1.82 per cent minus. 

Since no Wassermann reactions, vitamin B deficiency tests, or basal 
metabolism measurements were done, it is not claimed that this evidence 
is conclusive. Clinical inspection showed no evidence of hypothyroidism. 
Compared to some investigations of the subject in the past, from whicli 
many have generalized, this examination is relatively satisfactory be- 
cause the vitamin B and metabolism deficiency influences on the size of 
the heart were not knovui twenty-five years ago, and their potential 
influence is still very incompletely considered. 

Granting, for the moment, that the possible error of omission was not 
actual, seven of the thirty-seven hearts which ivere postulated as normal 
7vere enlarged by athletic competition, and would qualify as true athUtie 
or worh hearts, or normal hearts x>hysiologically enlarged by exercise. 
These hearts -were absolutely normal clinically and functionally. The 
eventual significance of their enlargement is unknown. According to 
my belief, they are normal for all practical purposes, and will permit 
a normal or greater than normal life expectancy. 

DAMAGED HEARTS AND ATHLETICS 

Tlie second postulate is “under present conditions of AmericiUi 
atliletics many athletes with organic or inferior value or potentially in- 
ferior value hearts eompeter” The abnormalities of such hearts may 
be, and often are, increased by athletic competition or any excessive 
degree of exercise. What present-day conditions in American sports^”'" 
are pertinent to our discussion ? 

Many athletes compete in American sports today who should not he 
allowed to do so, medically .speaking, for the follmving reasons: 

1. No pre-sport examination. This condition does not exist in the 
better colleges, but 28 per cent of 9,000 college freshmen testified to this 
situation in their high school and earlier experience. 

2. Inadequate pre-sport history or examination, and omission, in 
many instances, of any’" medical opinion before return to sport aftci 
iUness. . 

3. Lack of accepted medical standards for participation in various 
types of sports. 

4. Personal neglect of the doctor ’s order because there is a tremendous 
psychologic, physical, and social satisfaction in sports. 

5. Desire of parents who want the thrill and secondary advantage o 

their sons’ athletic prowess. , 

6. Public opinion and pressure on athlete and doctor to allow goo 

athletes to compete. 

7. Occasional political, instead of educational, sports and recreationai 
administration. 



WlI.Ci;: UAXfiK or XOIOIAI- HKAIW IK ATIU.KTJvS 

8. C4real public vecreiitional systems in which ])laycvs arc allowed to 
compote intensively without medical examination oi' any kind. 

9. The prevalence o£ informal “sandlot” type competition, with no 
formal medioal "participation control.” 

10. The national tendency to promote team competition for "grade 
schoolers” wthout adccpiate medical guidance. 

11. Sports articles in popular magazines which occasionally promote 
llic public acceptance of "half truths” concerning the medical effects of 
sport. 

Mnny athletes are dvnied participation in American sports xaho should 
he allowed to compete for the followine) reasons; 

1. Tlic medical viewpoint of what constitutes the proper medical 
standards for participation in various sports varies a great deal. 

2. ]\Iany hoys arc excused from sport because of a "murmur,” al- 
though certain leading cardiologists and other physiciat\s allow pcr.sons 
with small degrees of chi-onic valvular involvement certain degrees of 
l)arlicipation. 

8. Cases need individualization in the light of relative evaluation of 
social, economic, and psychol<»gic values, as balanced against possible 
medical in.iuiy through participation. 

The lay vieuimint of this whole fiue.stion of the effect of athletics on 
the heart is influenced by newspaper reports such as the following: 

Boy IIit.s IIomi:!:, Boks IJAsrs, J)ir.s 

Boltcfontriinc, 0., May 7. — (A.T'.) — .T. K. D., V,\, hit a lioino run in a pchool ha!*n- 
hall game today, circled ilio basop, and fell dead. Pliy,«icini).K bljiincd Iie.art di.sca.^e. 

Stcic Ito.N'.via: Is Vicroiiious 

Boston, April 20 (A. P.). — Stiidoaf.s of long-distance running today were a.'-hing 
thcmsnlvos just ■vvhat .T. t?., tlio Kational .\.A.1I. marathon clmnijiinn, would have 
done to Urn Boston A.A.'s BUie-Riliboii field if be touUv had felt fit. 

The 27-year-old Medford milkman, so weakoned hy a recent influenza attack that 
he did not believe he could go more than 3.7 milc.«, yesterday clipped one minute, 
thirty-seven and two-fifths seconds off the famed Ilojikinton-Boslon cour.se record, 
wliile outdistancing the elose.st of his 31.'? rivals hy more tlian a qimrtcr-mile. His 
time for tlic 2G-niilc, SS.I-yard classic was two iiour.s, twenty-six minutes, fifty-one 
and one-fiftli seconds. 

It is logical to assume tliat a modcralely damaged hciirt might be 
stronger than iioi'mnl at .some lime bcfoi-c decomi)eu.sJilion. 

The volume. Nomenclature and Criteria for the Diae/nosis of Diseases 
of the Jlcart, carries this pertinent exam])le under Tbera]3eutic Classifi- 
cation: "The functional capacity of the patient doe.s not always de- 
termine the amount of activity which is permitted. For example, a 
child with active rheumatic carditis may not experience discomfort in 
playing baseball yet the pliysician knows that rest in bed is imperative.”® 
illany atldetes compote under this principle with less extreme medical 
conditions. These athletes arc normal from llic lay standpoint, regard- 
less of the possible eventual had effects of eompetitio)i. 
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The capacity of some diseased or inferior hearts to take pimisliment 
in sport or work is tremendons. That is the reason, so many atliletes 
are considered normal when careful medical examination or post- 
mortem study after suicide or accident reveals organic changes in the 
heart valves, muscle, or pericardium before the heart had lost enoiwh 
of its functional power to be noticeable to the public, athlete, coach, or 
trainer. 

Data on the diagnosis of generalized enlargement of the heart in 
athletes (athlete's heart), vdthout analysis as to cause, are given in 
Table IV. 

Table W 

Cardiac Size Among American Male Athletes; Speci^vl Group of Abnormal 


Hearts (Dise.vse Presumably Belated to Athletics) 




% 

DEVIATION 

AREA 

+ 

% 

deviation 

AREA 

% 

DEVIATION 

DIAMETER 

+ 

% 

DEVIATION 

DIAMETER 

% 

C.T.R. 

Means 

Extremes 

24.2 


1 case onl 3 - 

lo.OS 

to 

14- 

51.48 

a) Max. 

41 


9.26 

41.2 

12.3 

66.4 

b) Min. 

16 


9.26 

0.7S2 

0.826 

40 


29 

28 1 

1 

26 

3 

29 

Algebraic Mean of % 
Deviations 

Areas 26.73+ 

Diameters 12.77+ 



CASE 

SIZE 

ORDER 

AREA 

SIZE 

ORDER 

C.T.R. 

NAME 

AGE 

AREA 
% DEV. 
+ 

•VREA 
% DEV. 


■ 

C.T.K. 

230 (a) 

219 

230 (b) 
221 

224 (b) 

225 

220 

238 

235 

232 

231 

215 (c) 

227 

224 (a) 
218 

223 

233 

237 

239 

236 

228 

226 

215 (b) 
222 

217 

215 (a) 

216 

229 

234 

1 

2 

3 

4 

5 (a) 

5 (b) 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

IS 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

10 

2 

4 

11 (a) 

5 

3 

12 

13 

11 (b) 

8 

18 

14 

19 (a) 

6 

23 

19 (b) 
16 

20 (a) 

21 

24 

22 

20 (b) 
17 

20 (c) 

1 

15 

26 

9 

25 

R. W. M. 

V. W. E. 

E. IV. M. 

G. E. 

M. F. 

H. F. 

M. E. 

H. M. S. 
H. S. 

F. P. 

C. P. 

H. B. 

H. P. H. 
M. F. 

C. E. C. 

K. F. 

W. W. E . 

c. s. 

E. S. 

B. S. 

H. K. 

H. C. G. 
H.B. 

P. A. E. 

R. C. 

H. B. 

L. C. 

H. J. K. 

C. E. 

32 

19 

34 

21 

24 

21 

29 

23 

23 

37 

17 

16 

28 

22 

34 

20 

23 

23 

28 

15 

23 

23 

16 

23 

41 

16 

21 

IS 

29 

65.5 
54.3 

52.6 

48.6 
41.1 

41.1 

40.7 

40.5 

37.6 

36.2 

o*> ^ 
00.0 

31.2 
30.1 
30 

28.3 

25.9 

25.4 
24.50 

24.35 

21.36 

20.83 

14.9 

12.84 

10.09 
8.20 
8.2 
6.96 
6.67 

9.26 

36.2 

41.2 
33.62 

22.5 
30.0 
16.54 
26.8 

7.58 

5.35 

26.6 
19.67 
11.88 
13.56 
23.6 
11.4 

9.6 

8.89 

0.4 

4.03 

1.82 

9.09 
3.96 
0.848 

14.3 

5.9 

0.782 

0.826 

12.3 

8.62 

55.4 

66.4 

59.1 
53.3 

56.2 

61.5 

55.5 

50.3 

53.3 

56.0 
47.9 

51.1 

47.5 

58.2 

45.0 

47.8 

51.5 

47.6 

47.2 

43.5 

45.5 

47.0 

48.5 

47.0 

66.6 

51.0 

39.0 

52.8 

40.0 


For explanation of (a), (b), (c) see footnotes. Table III. 
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This is the group in which active participation in sport has been 
preceded, accompanied, or followed by significant organic or potential 
heart disease. The maximum deviation in the frontal heart area of this 
group is 66 per cent plus, and the minimum is 9 per cent minus^^Thc 
algebraic mean area is 26.73 per cent plus, and the diameter, 12. < i pel 
cent plus. 

Every person in this series was normal from the vioxvpoint of the 
trainer or layman. All of these boys and men arc getting along per- 
fectly well and successfully indulging in various degrees of recreative 
and competitive physical activity. The interpretation as “normal” of 
all who can successfully engage in practical competition without 
dropping dead is widely accepted. This makes for much misunderstand- 
ing hetween laymen and those physicians who try to practice preventive 
medicine. Attempts to avoid the common cardiac neuroses must natu- 
rally also be a part of preventive medicine. 


ABC 



Fig-. 5. — Radic.allj' organic iioart di.«!ease in competing athlete."*. Athletic exagger- 
ation of condition jjo.stulated. A, Aged 37 years. Ht. 5 feet 0% inches, tvt. 160 
?JOunds, area St. 26% piu.s. diameter 39. G8 plu.s. C.T.R. 66.9%. B, Aged 18 year.s, Ht. 
5 feet 11 inches, IVt. 183 pounds, area 50% plus, diameter 33 plus, C.T.K. 62%. C, 
Aged 21 years, Ht. 5 feet 7% inche.s, AVt. 112 pounds, area 65.12% plus, diameter 
32.45 plus, C.T.R. 61.5%. 77, Aged 17 years. Ht. 67% inclie.?, AVt. 114 pounds, area 

57.28%, plus, diameter 41.12 plus, C.T.R. 66.7%. E, F, G, Other cases. 

ILLUSTRATIAT3 CASES 

A. A 37-year-old man ivitli clironic rheumatic heart disease, area enlargement of 
85 per cent plus, and auricular fibrillation, played thirty-six hole.s of golf a day 
on a hilly course before I saw him. He later bowled as many as fifty match games 
daily. I saw him two years after his first visit. His hypertrophy was reduced 
to 56 per cent plus after marked reduction of exercise (and happier marriage). 
His auricular fibrillation persisted (no deficit), and ho was about to bowl three 
events in the American Bowling Congress at the time. In the lay mind, he was 
entirely normal for such activity. 

2J. Very marked aortic regurgitation, with marked left ventricular enlargement, 
was found in the case of a surprised boj', immediately after “all city” high school 
all-sports competition in Ohio’s largest city school system, 

C. A college freshman with chronic rheumatic mitral disease, a cardiac area show- 
ing a 65 per cent plus enlargement, and normal function was “normal” for all 
high school sport and fre.shman football before his disease was discovered. He 
played in high school and started to play in college with the consent of his family 
physician and of his father. 
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D. A boy witli active riieumatic carditis and niitral disease was I'ickcd up i,v 
chance wliile competing in intramural athletics. 


An exceptionally strong, well-endotved man, because of his higl) 
natural endowment, may perform’ normally in strenuous activity in sphe 
of organic disease or handicap. A normal performance for the athlete 
with relatively great resistance and endowment is vastly different from 
tliat of the normal heart of an average man for average activity. 

Degree of infection depends on the number and virulence of organisms 
and body resistance. Normal heart function and what a person may do 
with immediate or eventual safety depend on the degree of heart disease 
as related to constitutional strength, habitus, and endocrine and general 
organic make-up. In the eases noted above, and in many others which 
could be cited, the heart was normal for the degree of competition in- 
dulged in only in the light of the above formula. They were not eases 
of healthy hearts. 

A B 

4i 




Fig. 6.— -Heart size changes postulated as minus, diameter 

A, Aged 22 years, Ht 71% mches Wt 1G2 pounds, area 

5.04 minus, C.T.R. 47%. B, Aged 24 yeArs, Ht. 71% mcii^, wt inches, 

9.3%minus, diameter 0.8 minus, C.T.R. 49.1%.„ O, Aged 26 years, nt. 

Wt 157 pounds, area 3.3% minus, diameter l^.H. C.T.R. j jn clectro- 

Note left axis deviation in electrocardiogram, witli return to nornmi 

cardiogram C. 


The writer ori 
diagnostic phrase 


riginally suggested the appro]n'iateness of using a 
ise to describe such hearts as Cases 1, 2, and 4, as i i ■ 
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iRatic athletic,” etc.,^= including athletics as a contributing etiologic 
factor. Case 1 (upper left) and other cases in which competition in 
sports was Ihought to have increased the already existing abnormality 
are shown in Fig. 4. 


PHYSIOLOGIC CHANGES IN THE SIZE OF THE HEART 

The third phase of our thesis is that certain so-called normal hearts 
may show relatively minor, transitory, physiologic changes in size which 
have little or no practical significance. 

Tlie heart of an Olympic champion sprinter, under especially strenu- 
ous, pre-tryout, meet-training conditions, made necessary by injury, 
changed in area and contour and showed transitory left axis deviation 
in the electrocardiogram. Two years after discontinuing Olympic ti'ain- 
ing, his heart showed an additional, slight increase in size, with only 
recreative sport and running, possibly because of the pre-Olympic strain. 
It was still not absolutely enlarged (sec Pig. 6) . 


A B c 



A R C 



Fig. 7. — Heart size changes postulated as physiologic. High school tennis, basket- 
4' Aged 15 years, Ht. 75 inches. Wt. 150 pounds, area 20% minus, diam- 
eter 9.48 minus, C.T.R, 39.6%. B, Aged 16 years, Ht. 75 inches, AVt. 150 pounds, 

C.T.R. 40.5%. G. Aged 17 years, Ht. 76 inches 
AVt. 170 pounds, area 3.7% plus, diameter 6.5, C.T.R. 42.6%. 


The heart of a high school basketball star Avas examined OA'er a period 
of three years; it gradually increased in size, but Avas still not absolutely 
enlarged. He is now a star at Notre Dame (see Fig. 7). 
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PATHOLOGIC CHAXGES IX THE SIZE OF THE HEART 

A liigh school coach brought in his star basketball player, who had 
been, in my opinion eorrectty, ruled out of competition by a local 
physician. The boy insisted that he would play anyway on an independ- 
ent team, and therefore ivas given permission to play part time with tlie 
high school. He was seen three months later at the start of the basket- 
ball season. Much to my surprise, the coach had decided to “bnild 
the boy up and condition him"' on his own responsibility. He had sent 
the player through strenuous practices, although allowing liirn participa- 
tion in only alternating quarters, as agi’eed to previously. The boy's 
cardiac area had increased from 12.84 per cent plus to 31.2 per cent plus 
in three monhts, as illustrated by Fig. 8. 



Pig. s. — Heart .‘size clianses nostulatecl a.® r>at)iologi(\ 
inches, Wt. 145 pounds, area 12.84% plus, C.T.R. 48.5%. 
later. Area 31.2% plus. C.T.R. 51.1%. 


A. A'-ed 16 years, Ht. 6S 
R, Same. Three months 



yig. 9 . ^"Athletic hearts” as diagnosed by various physicians. 


HEART 

AGE 

HT. 

inches 

■WT. 

POUNDS 

ABEA. % 

DIAMETER % 

% 

C.T.R. 

A 

B 

C 

D 

E 

P 

G 

H 

I 

J 

48 

26 

52 

17 

99 

23 

99 

38 

20 

55 

73 

71Vj 

68 

62 

73 

73 

68% 

71 

60 

74 

225 

210 

190 

128% 

160 

164 

142 

169 

130 

217 

30.3 plus 

25.2 plus 

21.55 plus 

12.84 plus 

9.83 plus 

6.45 plus 

1.83 plus 

0.84 minus 

1.83 minus 
2.26 minus 

21.35 plus 

17.6 plus 

13.04 plus 

0 

5.74 minus 
4.07 minus 
4.27 minus 

0 

12.05 minus 
17.22 plus 

.iV.’J 

63.01 

5!) 

48.5 

43.4 
44.9 

42.1 
46.0 
45.7 

54.5 


“athletic hearts” as dugxosed by CERTAIX physiciaxs 

The foUoiving points developed in the coui'se of tins study. 

1. Some physicians, particularly general practitioners, still male 
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wir.CE ; 


(linirnosis of “otlilolu- hoart" with a wide vanjxe of ineaniii'r, as sliown 
l)y Fig. 9 in the ea.so of ton of the fifteen hearts so designated. They 
ranged in area from a deviation of 30.2 per cent, pins to 2.26 per cent 
pins, and from a small, vertical heart, to one with a eardiothoiaeie latio 
of “4. .6 per cent and “anenry.smal’' dilatation of the aortic arch. 


The diagnosis of "athletic heart’* is not. nneommon, as evidenced hy 
the fact that fifteen in 3000 ea.scs is 0.5 per cent, and that this is essen- 
tially the frcfinency of the diagnosis of active tnhorenlosis among college 
stndents. It shonld also ho noted that the diagnosis of "athletic heart' 
is more generally .socially accept able than the diagnosis oi tnhorculosis 
or .syjdiilis. It may even carry ])rcstigc in .some circles. 

2. It is apjiarently " normal" for the hcart.s of sne(a\ssfnl American 


Olympic team wrestlei's and their alternates to average 26 jier cent pins 


in cardiac area two days after sncce.ssfnl final tryonts. Ten of thirteen 
heai'ts were increased in size. All hut one had ]mtential heart disease, 
factors, and one had right-sided cardiac, dilatation. The cardiac enlarge- 
ment may liave rcsnlfed partially from heavy fluid intake after tempo- 
rarily breaking training, with its excessive dehydration incident to re- 
ducing to lower weights. 


.■MIEITARY A.SI>KCT.S 

This .study does reveal definitely the fact that there are many injured 
hearts among athletes before, dnrinsr, and after competition. This fact 
may explain military rejections of athletes who are po])nlarly considered 
normal. It is natural for !i layman to hold the opinion that athlotc.s arc 
rejected from military service because of "athletic heart,’’ but this is 
not. the case. They are rojeeted because of organic heart disease of vary- 
ing degree. 

If military standards of heart .size alone, without other evidence of 
cardiac abnormality, were strictly adhered to, some athletes would not 
1)0 accepted for military service. Jly ])cr.sonai feeling is that, every one 
of them, exccjit those with definitely organic diseasi*, could ho accepted 
and would perform in a normal, and pci‘ha])s above normal, way in 
military service. The most jiractical a.spect is the po.s.sil)ilily that the.so 
hearts, whether physiologically oi' jiolenlially ])athologieally cnlai’ged, 
are not as acee])table for aviation at the higher flying levels.’" This 
needs further investigation because Wcavn’'* and others have shown that, 
increase in cardiac size through hypertrophy of muscle fibei-s is not 
accompanied by an increase in the number of blood vessels, and therefore 
constitutes a relative inferiority under condit ions such as altitude flying, 
which nece.ssitates the best iiossiblc oxygen snp])ly and utilization. 
Theoretically, oxygen debt would occur relatively earlier in hearts such 
as the.se. In cases of pathologically and potentially pathologically en- 
larged heai’ts, cardiac anoxemia would develop earlier than it would in 
eases of supposedly physiologic cardiac enlargement. These tlieorotical 
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considerations may be far outweighed by other intangible factors fre- 
quently found in true athletes, such as superior volitional trends and 
superior competitive spirit. 


SUMMARY AND CONCLUSIONS 

1. An analysis has been made of cardiac size l^y comparing ortlio- 
diagraphic areas and cardiac diameters with the Hodges-Eystei° normal 
standards in a series of 233 persons selected from 3000 American male 
athletes. Conclusions from this study follow. 

2. Generally, athletes’ hearts are larger than nonathletes’ liearts. 

3. “Nonorganie cardiac enlargement” is probably of little clinical 
importance,, and should be considered normal for athletes. Moderate 
variations from the average heart size in normal athletes, in the absence 
of other signs of organic heart disease, is of no particular significance. 
The eventual result of “nonorganie enlargement,” however, is not as 
yet definitely kno^vn. 

4. According to published standards of heart size, the hearts of many 
athletes are enlarged. 

5. The hearts of persons of “softer type” may change size under 
athletic strain. 

6. It is probably detrimental to the health of persons with organic 
heart disease to participate in sports. 

7. The intangible advantages of true athletic training probably out- 
weigh the disadvantages of moderate, “nonorganie” cardiac enlarge- 
ment (gg’anting that it does exist) ; this is important in deciding wbetbcr 
or not athletes are acceptable for aviation or other military service. 
Such hearts should be considered normal. 

8. Participation in sport should be encouraged in every way, but only 
under alert, accurate, and liberal medical supervision. 
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DISCUSSION 


Dr. Paul D. AViiite, Boston.— I rvould like to ask Dr. A\Mcc whether he helieves 
that a possible factor of cardiac strain which will produce actual cardiac enlarge- 
ment may be very strenuous effort during an illness. Por example, a young football 
player may conceal an acute respiratory infection, if he can, and engage in a very 
hard game; I would like to ask Dr. AA'ilce whether he thinks that such a circum- 
stance may have a deleterious effect. 

Dr. j. AV. AVilce, Columbus.— Thank you. Dr. AVhite, for asking that question, 
because it gives me a chance to bring out a point which was in my paper, but which 
I did not have an opportunity to discuss. I have several cases of that kind in my 
series. 

You have in Boston the marathon runner who broke the record after lie had just 
gotten out of bed with influenza. He thought he could run only fifteen miles, but 
he ran the twenty-five and broke the record. I hope that you will pick him up. 

I saw a boy with influenza who was playing in a high school basketball tourna- 
ment. I was able to get an electrocardiogram on him, and there was slight splinter- 
ing of QRSj. I have not had a chance to follow him up. 

However, as a coach, twenty-four years ago, I sent a boy into a football game 
just after he had influenza. I was able to follow him twenty years later, and he did 
have a deep Q, and evidence of myocardial damage, -with no other intervening 
disease factors. 


Dr. Paul D. AA'^hite. — I have one other comment to make about which I have been 
in discussion with Dr. AVilce. He himself abstained from .speaking of it. 

A few weeks ago I received a letter from the Journal of the Ainerican Medical 
Association, asking for an answer to a query that has been raised as to the slowness 
of the heart rate in athletes. It was stated that reference had been made in some 
lay article to the fact that some mile runners, particularly Cunningham and 
AlacMitchell, had piflse rates at rest that were under 40 normally, and the question 
was; "Is this possible?” 

I had not encountered any normal person with a heart rate under 40, so I began to 
inquire of authorities, like Dr. Dill and Dr. AVilce, who have had rich experience. 
Tlie answer from them was that they had not encountered any' normal person, 
athlete or otherwise, with a heart rate under 40. 

I pursued the point, and wrote to Cunningham and MacMitehell and got in touch 
with a few others. Dr. Robinson, who is at the Harvard Fatigue Laboratory, and 
is a former athletic trainer and a physiologist, sent me word that he had a grapliic 
record of a two-mile runner whose normal resting heart rate had been recorded at 35. 

Since then I have heard of three others. Although Cunningham has written to 
me that Ms heart rate has not been below 40 por minute so far as he knows, 
MacMitehell states that his pulse rate has been recorded at 32 at rest, one of the 
marathon runners, Kelly, has had a pulse rate of 38, and Dr. Graybiel lias recently- 
sent me the electrocardiogram of one of a thousand healthy aviators whom he 
studied last year which sliowed a heart rate of 38 at rest. 

So, apparently, as in the case of almost all other rules, there are exceptions to this 
one, and it is really possible to have a normal pulse rate at rest, usually in an 
athletic person, under 40 per minute. 1 do not refer, of course, to the very slow 
heart rate which may be found in extreme inanition or starvation. 
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I am wondering if anybody else here lias bad any sucli experience. 

Dr. J. W. Wilce.— I was very much interested in your investigation of these dis- 
tance runners. There was an article in the Saturday Evening Post in which a trainer 
said that this idea about distance running hurting the heart was a lot of poppvcock. 

I was going to show three hearts of distance runners who, although they were 
not definitely ill during the running, had such inferiority value factors at the time 
of their distance running that I certainly postulated bad effects from it. One had 
an anginal syndrome, one had early cor pulmonale, and the other had rheumatic 
heart disease. 

I am interested in the type of highlj' specialized athlete that you mention as having 
an extremely slow heart rate. 

The “amateur professionals” represent one verj' small group of athletes, the 
average amateurs represent an extremely large group, which includes almost every- 
body, and the professionals represent another. The closer one gets to the professional 
group, the more eventual effects one sees, because, obviously', with this group athletic.s 
are engaged in more intensively over a longer period of time. 1 believe tliat we 
should address ourselves primarily to those conditions that have to do with the great 
majority of the youth of the land, and that we should start to pay more attention to 
potential heart disease factors in diagnosis in the intere.st of prevention of cardiac 
injury from sports. 

Dr. Paul D. "White. — I think we may all congratulate Dr. Wilce on at least the 
beginning of an attempt to solve a very difficult problem. This study presents further 
evidence that the normal heart has a wide range. As we have said before, we shall 
probably never be able to ascertain the e.xact limits of normal witli any absolutely 
certain degree of accuracy. 



KFFECn'S OF OITANOFS IN VENOlJH PKESSliUE VFON r,l,()01) 

FLOW IN THE Li:\lHS 


K. Fkikdi.axi), .Iohn f>. ]!i:xt, M.!)., and 

Foiii;i{T W. Wn.KiNS, M.D. 

Foston, ^Iass. 

I T IS of (•oiisirloi'nl)lo pnielical importjiiice as \v('ll as of ihoorolical 
interest to know whether ineronsinfi t.iie venous i)ressnre in a liini) hy 
intiatin'T n hlood pressure, cufi' around it inereasos tiie idnod flow in tl\e 
linfl). Linton, et al.,' at the. 1040 ineelin<i of this Seetion. reported that 
ohstruetiii" tlic venous outflow from the ie*; of the do" iuereasod the 
iflood flow thfou;_di the femoral or iline artery, as mea.sured witli tlie 
thcrinostromuhr. In similar experiments, 1)\it \isinp: the rotameter. 
Pritehard and liis associates* found that hlood flow decreased duriiifi tiie 
period of venous oltstruetion. We have studied the i)roh!em in human 
l)ciu;.is hy four different methods, namely (1) capillary microscopy, (2) 
venous hlood oxy<ien analysis, (fl) skin temiun-ature. measurement, and 
(4) pletii.vsnu)<ii-aphy. 


CAVIIAAUY MU'UOSCOrY 


Tli(! l)Iood flow in the cajullaries of the skin of the forearm and nail- 
fold was observed microscopically"- ■* before, diirinj;, and aftt'r the in- 
flation of a hlood ]u-essurc cuff arovuul the uipior j\art of the arm to 
HO and to GO mm, ll'r. A more objective imiex of tlie velocity of hhmd 
flow Avas obtained in some cxjieriments hy recordinix the time rerpiinsl 
for tlie trap between two columns of erythrocytes to jia.ss from the 
arterial to tlie venous end of the eajiillary loop. 

Twelve experiments were iierformed on nine normal subjects. Inas- 
much as considerable spontaneous variation may occur in eajiillary hlood 
flow,’ at least ten observations were made at each congest ins; Iire.ssure. 
(.'onfirmiu'; the reports of others,’’'-'’ it was noted Hint, uniformly the 
rate of blood flow in a ^iven capillary deerea.sed upon inflation of the 
cuff. For cxam])le, in one experiment the time roiiuired for a f;a]) to 
travci’se the capillary looj) was two, throe, and seven seeond.s, respec- 
tively, during cuff ]n’cssures of 0, 30, and fiO mm. Ilg. However, since 
it was also noted that during the inflation of the cuff many previously 
invisible capillaries came into view, the re.sults of this method were not 
accepted as necessarily indicative of the blood flow to the limb as a 
whole. 


Alcrnorlnl, Xtfi.«.siicliu.«:t'll.s Xroiiioilnl IlosiiUnls. tind (ho Ut'Diii t- 
ment of Medicine, IBoston IJnlvor.sUy School of Modlclnc, * ’ 

nnnunl jnecUnc of tho Section for tho Sludv of the iVriphonil 
Circulation of the American Iloart APfoci/itlon, Juno (I. lO lU. 

Koccived for luihllcjitlon July in, 1!)12. 
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■\^NOUS BLOOD oxygen ANALYSIS 

Venous blood was drawn from the median cubital vein at a point on 
the forearm previously rendered anesthetic by the local infiltration of a 
1 per cent procaine solution. The blood was taken in oiled syrin^e^ 
fitted with needles which were fiUed to the tip with boiled, 30 per cent 
potassium oxalate solution (approximately 0.04 c.g.). It was then 
immediately transferred to a tube under freshly boiled, but cooled 
mineral oil, where it was gently stirred to mix it with the anticoagulant! 
As quickly as possible, the oxygen content was determined in duplicate 
by the method of Van Slyke and Neill.^ Two specimens of blood were 
obtained, one when there was no venous congestion, and the other at the 
end of ten minutes’ venous congestion produced by inflating a cuff 
around the upper part of the arm to 60 mm. Hg. Eight experiments 
were performed on seven normal subjects. In four experiments the hand 
was excluded from the circulation bj'- inflating a cuff at the wrist to 
300 mm. Hg. Uniformly, the samples obtained during venous conges- 
tion contained less oxygen than the control specimens (Table I), Since 

Table I 


Effect of Venous Congestion on Venous Blood Oxygen Content 


SUBJECT 

VENOUS BLOOD OXYGEN CONTENT 

C.C. PER 100 C.C. 

0 JIM. HG 

60 MM. HG 

W, L, 

12.21 

4.42 


13.80 

4.69 

C, E. 

7A3 

3.03 


8.07 

3.22 

T. M.* 

9.75 

6.86 


10.81 

7.12 

H. C. 

9.30 

8.11 


9.62 

8.52 

p 

p 

7.25 

5.70 


, 7.33 

■ 5.74 

C. B.* 

8.86 

6.63 


8.20 

6.00 

B. W.* 

7.06 

4.46 


7.00 

4.85 


10.23 

6.05 


10.60 

6.05 


♦Hand circulation occluded. 


Holling® has shoivn that, under resting conditions, changes in the oxy- 
gen content of the median vein blood reflect directly the changes in 
blood flow, the decrease in oxygen content during venous congestion 
was accepted as evidence of a decrease in blood flow, 

SKIN TEMPERATURE 

The temperature of the skin of the extremities was measured bj 
thermocouples attached to the pads of the fingers and toes, ® 
temperature of the room was kept as constant as possible, n som 
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pcriments, arterial pressure, pulse rate, and rectal temperature were 
also measured. Twenty-six experiments were performed on eiglit 
normal subjects who lay supine in bed Avhile tlic effects on .skin lempera- 
tare of inflating and deflating a blood pressure cuff above one elbow or 
knee were observed. The opposite limb served as a control. 

■When the bodj’ was exposed in a cool room, and the limbs were al- 
ready cool as a result of sympathetic nervous vasoconstriction, venous 
congestion of one limb did not cause it to become warmer (Fig. 1, Table 
II) . When the body was covered with blankets and heating pads, warm- 



TIME MINUTES 


Fig. 1. — EfCect of venous conge.sUon upon cool exlromitie.s. Ch.'irt of .rcct.T.! toni- 
pevaUirc; skin tcmpeniturc of the vight great too (RT^), and of the left great too 
(Z/Ti) : arterial pres.sure ; .and pul.se rate during an experiment on a normal subject. 
At 17% minutes (Orst vertical Interrupted line) a cuff above tlio rlglit knee tv.as in- 
flated to 50 mm. Hg. At 72% minute.s (.second vertical interrupted line) tlie cuff tvas 
deflated. 


Table II 


Effect of Venous Conoestion (50 mm. IIg) on Skin TEMrEiiATuiiE. 

Subject Cool 


suBjEcrr 

LEO 

CONGESTED 

DUKATION OP 
CONGESTION 
MINUTES 

SKIN TEitPEnATUKE 

DEGREES C. 

1 BEFORE 1 

1 AFTER 

RTj 

TiT, 1 

RT, 1 

LT, 

C. F. 

E 

20 

23.7 

25.0 

23.0 

24.7 

J. H. 

E 

40 

24.5 

24.0 

24.0 

25.3 

A. P. 

E 

55 

23.0 

09.2 

21.5 

20.5 

i 

E 

05 

21.5 

21.0 

21.1 

20.R 

M. C. 

E 

25 


19.1 


19.5 

A. B. 

L 

10 

1 24.1 1 

24.0 

1 24.1 

23.7 
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Table III 


Effect of Venous Congestion (50 mm. Hg) on Skin Tempeievtuke 

Subject Warm 


1 

SUBJECT 

LEG 

CONGESTED 

DURATION OP 
CONGESTION 
MINUTES 

SKIN TEJIPERATURE 

DEGREES C. 

beb 

RT, 

•ORE 

AF’ 

PER 

C. F. 

R 

20 

32.0 

Ijl, 

32.0 

31.0 

LT, 


R 

20 

34.0 

34.5 

34.0 

34 5 


R 

20 

32.5 

32.0 

32.S 

34.0 


R 

30 

34.0 

35.0 

34.0 


J. H. 

R 

30 

32.0 

34.0 

32.0 
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Fig. 2.— Effect of venous congestion WO" "'arming of the extremities 
sympathetic nervous vasodiiatation. Chart of rectal on,” temperature : 

of the riaht areat toe (RTt), and of the left great toe (LEj) , room icmui- 

arterial pressure; and pulse rate during an and electric heat- 

heglnnlna of the experiment the subject was covered n ith blanket. right knee 
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ing of the extremities as a result of sympathetic vasodilat ation oecurred; 
this warming was not accelerated in a congested limb but, on the con- 
traiT, was retarded. Furthermore, the conge.stod limb often failed to 
become as warm as the control limb, allhongh, after release of the con- 
gesting cuff, it did become fully as warm as the opposite limb (Pig. 2). 
When both limbs were already equallj" warm as a result of sympathetic 
vasodilatation, venous congestion of one limb did not cause it to become 
still warmer, but, on the contrary, at times caused it to become some- 
what cooler than the control limb (Fig. 2, Table III). In the .same 
manner, while the body was being cooled by exposure, the cooling of 
the extremities caused by .sympathetic va.soconstriction was not retarded 
by venous congestion, but frequently was accelerated (Fig. 3). 



TIME MINUTES 

venou.s conKe.<!Uon upon eoolinfr of the exlronilUc.s cnusecl bv 
sympathetic nervous yasocon.strict!on. CJiart of fiie tampemturc of t)ic ripht great 
toe (JiT}), oC the left great toe (/,Tt), and of tiic room during an experiment on a 
normal subject At the beginning of the experiment llio subject was uncovered in the 
cool room. At 7 minutes (first vertical interrupted lino) a cuff above tlie loft Icnee 
was inflated to 50 mm. Hg. At 107 minutes tlic cuff was released. 


Finally, observations wei’e made upon the effects of venous congestion 
on the cooling of the extremities caused by raising them above the hori- 
zontal level.^®’ "Wlien both feet of a warmed, supine subject were 
raised 75 cm. above the bed, the toes beeame cooler. Congesting one leg 
by inflating a cuff above the knee to 50 mm, Hg did not prevent the 
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cooling of the foot on that side, but, on the contrary, apparently .slishtlv 
enhanced the cooluig caused by elevation (Pig. 4), • = . 

From these results it vras concluded that blood flow in the skin of 
the extremities is not improved, and may be impeded, during venons 
congestion. 


SKIN TEMR 
DEGREES C. 


ROOM TEMR 
DEGREES C. 


ARTERIAL 
PRESSURE 
MM. HG 


PULSES 
PER MIN. 



TIME MINUTES 

Fi^. 4 . — ^Effect of venous congestion upon cooling of the extremities caused by 
elevating the limbs. Chart of skin temperature of the left great toe (FTi) and of tne 
right great toe (RTi) ; room temperature; arterial pressure ; and pulse rate uunno 
an experiment on a normal .subject. Tliroughout the experiment the .subject 
warmed by blankets and electric heating pads. At 22 minutes 
rupted line) both feet were raised 7.5 cm. above the bed, and a cuff abo^e the rig 
knee was inflated to 50 mm. Hg. At 92 minutes, the cuff wa.s released. 


PLETHTSiIOGR.VPHY 

Evidence concerning the effect of venous congestion upon blood flon 
to the whole limb (skin and muscle) was obtained by exainiiiing the 
slope of the plethysmographie (Pig- o) cuiwes recorded during 
mittent venous obstmetion, i.e., plethysmographie blood flow ciines. 
The slope of these cuiwes was found usuaUy to rise in a straight line 
at first, and then to level off tvith decreasing steepness into a. plateau 
(Fig. 6, upper eui-ve). B.xcept after specific vasodilator procedures, a 
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slope of increasing steepness never occurred, as would have been ex- 
pected had the rate of blood flow increased during the measurement. 
Venous pressure, as recorded by the Hamilton method^^ under similar 
conditions, always rose promptly upon inflation of the proximal cuff. 
Hence it was concluded that, as venous pressure rises after inflation of 
the cuff, blood flow docs not increase, at least insofar as one can judge 
from the slope of the plethysmographic curves. Furthermore, it was 
shoivn that the plethysmographic curves were readily capable of indi- 
cating an increase in blood flow in the midst of a measurement. Such 
an increase in blood flow into a proximal part (forearm or calf) was 
produced artificially by allowing blood from the veins of the distal pait 
(hand or foot) suddenly to escape into the proximal segment.^ Instead 
of keeping the cuff just distal to the plcthysniogiaph (Fig. 5) at 



greater than systolic pressure to exclude completely the circulation in 
the hand or foot,'"'' the distal cuff was so regulated as to permit venous 
blood from the hand or foot to flow into the proximal segment in the 
midst of a plethysmographic blood flow measurement. TJie slope of the 
l)lcthysmograi)hic curve immediately indicated the additional inflow of 
blood by a sharp increase in steepness (Fig. 6, lower curve). 

Further plethysmograplnc evidence was obtained by a technique 
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wlneh allowed measurements of l3lood flow to be inade in a part durhu, 
venous congestion at any desired pressure. Again using the segmein 
plethysmograpli (Fig. 5), the distal cuff was first inflated to a pressure 
considerably less than diastolic, but greater than venous pressure. After 
a few seconds, as the venous pressure in the part of the extremit.v distal 
to this cuff approximated cuff pressure, equilibrium became established 


t 




Fig. 6. — ^Plethysmographic tracings of blood flow to the forearm of a normal sub- 
ject. The upper curve is of the routine type, obtained with the 
hand occluded by a cuff at the wrist inflated to greater than s^^tollc pressure. , 
lower curve shows the effect (between the arrows) of allowing blood from me c 
of the hand to escape under the wrist cuff into the forearm segment. 


This was shown in many experiments by using a second plethysmogiaph 
on this distal part to indicate the time at which no further change in 
volume was taking place. At that time the venous flow from the distal 
part must have been the same as the arterial flow into it. Morcovci, 
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tlicre was an iin])ortant. diffovoncc: the blood How in tho distal jiart was 
against a known congesting venous pressure (distal (oifl. ju'essure). 1 lie 
venous outflow from the distal part and the arterial inflow to the 
proximal part, were, then temporarily trapped wit bin the pi’oximal 
plethysmogra]ih by intermittently inflating the proximal eiiff at a pres- 
sure slightly less than that in the distal cuff. Thus, the blond flow 
both to the congested distal segment and to the i)roximal segment was 
measured simultaneously by one pletbysmographie curve. As many 
measurements as desired ol t hese (‘ombined Hows weis; made. I lie 
piT.ssure in the distal cull’ was then rai.sed to a higher i)ressure, hut still 
le.ss than diastolic, and, after e(iuilibrium had become e.staiilished, blood 
flow curves were again obtained from the plethysmogra])h on the proxi- 
mal segment. These curves again indicated the sum of the blood How 
directly into the proximal segment, and that into (out ot) the distal 
part, which now, however, wa.s congested at. a higher venous pressure. 
Finally, the circulation in the distal part was com])l(-tely excluded by a 
pressure in the distal cuff considerably greater than systolic. Blood 
flow curves then obtained from the. proximal .segment were considered 
accurate for that segment alone.-'* Since the blood How to such a 
])roximal .segment is known to be fairly constant.''* the consistent 
changes which were found in the i>rc.vious combined Hows obtained at 
different di.stal conge.sting pre.ssurcs Avere attributed to the differences in 
the di.stal congesting pro.s.sure.s. 


T.vtoa: IV 
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‘Ciiciilation in hand and fool ax<-lnd<al. 


The average of at least four mca.sui-ements of blood flow at each level 
of pro.s.sure in the distal cuff was accepted as rejircsent ative of the 
blood flow to the part or parts under the experimental conditions im- 
posed (Table IV). Although there was some variation between individ- 
ual measurements, there was no uniform tendency toward eitho* an in- 
crease or a decrease in blood flow as any given pre.ssure in the distal 
cuff was prolonged up to ten minutes. Allowance was made in the 
calculations for the blood How to the small seg-ment, directly under the 
distal conge-sting enff, by subtracting from the combined Hows at llio 
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lower congesting pressure an amount (5 e.c.) greater than the estimated 
flow in the part under the cuff Avithout any pressure. This was done 
because, in other experiments, it was shoum that local pressure on a 
limb, as from an inflated cuff, greatly reduces the blood flow in the 
part under pressure. 

Twenty experiments were performed on nineteen different subjects, 
a few of whom had peripheral vascular disease. The subjects lay supine 
with their limbs at heart level, and were comfortably warmed by 
blankets and heating pads to produce generalized peripheral vasodilata- 
tion.^ The pulse rate was coruited from the plethysmographic tracings, 
and the arterial pressure was measui-ed in a free limb by the usual 
auscultatory method. 


Table V 


Effect of Changes ik Distal Cofp Pressure Upon Combined (Proximal akh 

Distal) Blood Plows 


CUFF PRESSURE 


COMBINED BLOOD FLOW 


CHANGE 

INSTANCES 

1 INCREASED , 

1 NO CHANGE | 

1 DECREASED 


% j 

IX.STANCES 

1 % 

instances 

% 

Increased j 

114 

1 9 

s 

S 

■ni 

97 

S5 

Decreased ] 

S4 

1 67 

so 

9 


8 

9 


As is shown in Table V, increasing the congesting pressure in the 
distal cuff reduced the combined flows in 85 per cent of the tests, 
whereas decreasing the congesting pressure increased the combined 
blood flows in 80 per cent of the experiments. Discrepancies in the 
results were only to be expected, for it has been shovm that considerable 
spontaneous variations may occur in blood flow, especially to the distal 
parts of the limbs.^^ 


DISCUSSION 

In 1925, Lewis and Graut^*^ reported that “when the arterial supply 
to a limb is occluded and released a state of vasodilatation is found,” 
and that “a similar reaction occurs ivhen venous pressure is increased.” 
Further, they reported that “the reaction is not a response of the 
vessels to change of pressure within them, it is related to blood-flow 
debt”; and that, “the loss of vascular tone, which is responsible for 
the vasodilatation, occurs during the period of circulatory standstill or 
slowing. ’ ’ 

As evidence for the latter statement a number of observations were 


reported, one of -which was that, after ten to fifteen minutes of venous 
congestion at 40 to 50 mm. Hg, an increase was found in the amplitude 
of the pulsations recorded plethysmographically from the eongeste 
part.* This suggested to Lewis and Grant “that venous engoigement 


*We have never observed an increase in jn Lewis and Grant's 

DUl=e waves during- venous congestion similar to that nrecautions 

article This mav be due to the fact that, during our experiments greater p^cauno^^ 

•were tahen to control the state of sympathetic during the slowing of 

do not doubt that a decrease in vascular does tek ^ an increase m 

blood now due to venous congestion, and that it wight contnmite 
amplitude of the pulsations in the congested parL 
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causes dilatation of the vessels on ilic avlerial side,” althouf'li they gave 
no more direct evidence for this belief. It is important, however, to 
note that Lewis and Grant did not state, or intimate, tliat venous con- 
gestion in a limb is associated Avith an increase in blood How over the 
resting (uncongosled) level. On the contrary, they di.stinclly stated, 
as ])ointcd out above, that the loss of vascular tone occurs during the 
period of cii’culatory slmohuj, and is related to blood How dchi. In 
other words, they believed that this reaction, like that, to circulatory 
standstill from arterial occlusion, is a compensatory response to blood 
Hoav deprivation. Nevertheless, their work lias been cited in suiiport of 
tbc view that venous congestion in a limb may augment the arterial 
inflow to the limb.*’ 

It is unfortunate tliat the words “reactive hyjiorcmia’’ have been 
used in connection Avitli the loss of vascular tone that occui-s during the 
lieviod of circulatory arrest or slowing, for the term, strictly speaking, 
refei-s only to the increase in blood How wliich follows the release of 
such an arrest or slowing,' Obviously, “loss of vascular tone’* and 
“hj'pcrcmia” (increase in blood How) are not, necessarily synonymous 
terms, particularly when there is a local ohslruclion in the circulation 
suHicient to retard the blood How, even in vessels of low tone. A failure 
to appreciate this distinction of terms pcrha])s has contributed to the 
confusion that has arisen. 

IJydrodynamically, it seems im])ossiblc that an increase in the How 
of fluid through a collateral system of elastic tubes could occur when 
the egress of the fluid from the sy.sicm is obstructed. This view has 
been substantiated in our laboratory by means of a mechanical schema 
constructed of various types of rubber lubes to icpi’csent arteries, arteri- 
oles, capillaries, and veins. 'With a consla?it head of perfusing pres- 
sure, any elevation of “venous ])ressure,’’ ])rodueed either by exerting 
pressure upon the large collapsible tubes re])rescn1ing the veins, or by 
raising the outflow level of these tubes, was acconpninied by a decrease in 
floAv through the schema. 

Inasmuch as considerable criticism has been directed at the methods 
which apparently have revealed that an increase in blood How occurs in 
vivo during venous congestion of a limb, we did not rely on a single 
method, but used four different types of measurements. The results show 
clearly and uniformly that blood How does not increase in the limbs of 
human beings during rises of venous pressure produced by inflating blood 
pressure cuffs around them, but, on the contrary, usually decreases. 

Concerning reactive hyperemia after the release of venous congestion 
in a limb, it undoubtedly occurs; however, it is quite small in amount 
and short in duration when compared Avith the reactive hyperemia which 
follows the release of arterial occlusion.*® In the limbs of patients Avilh 
severe obliterative arterial disease, the mechanism of reactive hyperemia 
is apparently being constantly invoked. This is shown by the fact that 
occlusion of the circulation is not followed, upon release, bv any increase 
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in blood flow over the resting leveld« It would seem that in such limbs 
there is always as much vasodilatation as is structurally ])ossible undei- 
the stimulus of blood flow deprivation. These observations demonstrate 
the impossibility of improving the circulation in these limbs by reactive 
hj^peremia, especially that Avhich follows the release of venous conges- 
tion, which even in normal people is relatively slight. 

Because of these considerations, we have not deemed it wise to use 
venous congestion over long periods of time in the treatment of patients 
with obliterative vascular disease. Hence, we have no observations 
upon its therapeutic effects in such cases. Furthermore, we did not 
wish to consider the variable ingrowth of collateral circulation in limbs 
after peripheral vascular accidents, because this would only have com- 
plicated the main problem we undertook to solve, namely, the effect 
of venous obstruction upon blood flow through a given vascular tree. 

SUMMARY AND CONCLUSIONS 

The blood flow in the extremities of human beings was measured 
with and wdthout local venous congestion produced by inflating blood 
pressure cuffs on the proximal parts of the limbs. Four different 
methods were used : capillary microscopy, venous blood oxygen analysis, 
skin temperature measurements, and plethysmography. By all methods 
it was found that blood flow is not increased in the limbs during rises 
of venous pressure, but, on the contrary, is usually decreased. 
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DISCU.S.SION 

Di'.. Eih;.su A', Ain.KN, Rochester, Alinn. — It seems to me tlmt Or. Wilkins’ paper 
is a very uood illnstr.ation of how dependent the clinical practice of medicine is on 
snch excellent studies in tlin laboratory. It also seems to inn to repre.sent a return 
to reason and to louic, because I am sure that it could never appeal to reason and 
louic to say that the arterial blood flow increa.'^ed during a period of venous con- 
striction. There is aderpiatc evidence, I believe, to indicate the incorrectnr.'is of ob- 
servations reported previously before this society that, usinp tlic thermnstroiuulir, 
one could demonstrate actual vuercaso of arterial blood flow durinu venous com- 
pre.ssion. 

It is only fair to point out that T)r. AVilhins has not said that repeated inl<>r- 
mittent venous occlusion fails to increase the blood flow. He lias said, however, and 
.sliowii very conclusively, it seems to me, that, durini; the period of venous obstruc- 
tion, there is no increase in the arterial lilood flow. 

Perhaps Hr. AA’ilkins has some evidence — I nm sure lie has — to indicate that 
which seems to bo true also; that is, if one occbides tiie venous blood flow to the 
o.\f remifies intormittoatly, there is likewise no increase in the blood flow. 1 hope 
that lie will comment on tliat. 

I)i:. RoiiKkt R. bi.VTo.v, Boston. — I think I s!ioul<! say a word, inasmuch as 1 
read the jiaper here two years afro. 

Tiie method of measnrinp Iilood flow with the tliermoslromubr is, of cimr.se, a 
direct method. AVhether it is an neeiirafo nictiiod of mea.siirinp; blood flow, 1 am 
not exactly sure, but T believe it indicates fairly accnriitely clmnucs in blond flow, 
that is, whether it increases or decrea.--es in volume. The data rcjuirted liere (nduy 
indicate blood flow -only Iiy inference. 

AAdicthor or not there is an increase or decrease witli intermittent nr complele 
venous occlusion of the main concomitant vein may still not be settled, but I tliiuk 
for clinical use venous occlusion is a very important adjunct in tlio treatment of 
peripheral arterial disease. In our experience it ha.s been of little value in clironic 
obliterative arterial disease, but in acute arterial ocebi.«)on it is of inestimable value. 
I should like to cite a case of tho latter. 

A woman, 50 years of age, came in with a large ean-innma of the ovary, wliich 
I had to resect. In rc.'ccting it, I ligated her infernal iliac, artery. I did not 
realize at the time that I had damaged her e.xtornal iliac artery, or I would have 
done a sj-mpathectomy to imiirovo the colluloral circulation. Tliinking I had not 
damaged her external iliac artery, 3 Ihonglit her leg would bn all right. I saw 
her again an hour after (he operation, at wliich time she was jicrfectly conscious. 
She said, “Doc, my foot is dead.” And it was dead; you could stick pins into 
It. It wa.s just aa white as a .slicel. No arterial pulsation or oscillations could 
bo m.ade out. The only thing I could think of for treatment was intermittent 
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venous occlusion. I applied a pressure cuff as higli up on her tliigli as possible 
I inflated it to 50 mm. Hg. At the end of nine minutes there ivas a little color 
in^ the tips of her toes. We did not have a machine which would give a nine- 
lAinute period of occlusion, so for the next forty-eight hours I had the special 
nurses inflate the blood pressure cuff to 50 mm., leave it so for nine minutes, and 
then release it for one minute. At the end of that time we were able to decrease 
the “on” period so that we could use the machine. 

In three weeks the patient was able to walk out of the hospital and is still walk- 
ing on her leg, which is a perfectly good leg. It is not as good a leg as it was 
originally, but she can walk a mile without much difficulty, and the leg to out- 
ivard appearances is perfectly normal. There are still no pulses palpable in it. 

I just cite this case to impress upon you that intermittent venous occlusion, despite 
the laboratory evidence presented here today can be used to save extremities 
following acute major arterial occlusion to a limb. 

Dr. Gbza de Takats, Cliicago. — I agree ivith Dr. Linton that the clinical value 
of intermittent venous occlusion is very definite. I have no data to show whether 
or not the blood flow actually increases through the obstructed limb, but for some 
time w’e have maintained — and Dr. Linton has given experimental evidence of it — 
that there is a mechanical Ailing and stretching of the venous-capillary bed when 
the arterial flow is unobstructed and the venous flow is obstructed. I have always 
felt that that is the real cause of the clinical improvement we see; for the support 
of this contention -we have published oscillometric curves, J. A. M. A. 108: 1951, 1937. 

De. Edgar V. AJjLEN, Rochester, Alinn. — It seems unwise to speak tmcc, but 
I cannot let pass without some comment what Dr. Linton has said relative to tlic 
use of intermittent venous occlusion for acute arterial occlusion. I am quite sure 
he did not want to imply, because of his experience in one case, that intermittent 
venous occlusion or venous occlusion of any type would save an extremity afilicled 
with sudden arterial occlusion. 

Halsted showed many years ago that, if the iliac artery wms ligated, there was 
complete recovery in almost all of the cases, even when no treatment was given. 
Gangrene ensued very rarely. These statements apply to ligation of the sub- 
clavian artery. It is true, therefore, that one may ligate the major arteries to 
the extremities with an extremely small incidence of gangrene. 

Even in arterial embolism, in which the situation is substantially different 
because of the great arterial spasm wliich results from it, the incidence of 
spontaneous recovery is about 50 per cent without any treatment whatsoever. 

So it wmuld take more evidence, I believe, than one case or ten or more cases 
could furnish, to show that venous occlusion will save the extremity when its 
arterial circulation has been jeopardized by ligation of the chief artery. 

Dr. William S. Collens, Brooklyn. — I should like to ask Dr. Wilkins whether 
he doubts the existence of the phenomenon of reactive hyperemia which follo\vs 
the release of venous congestion. I saw no evidence of this phenomenon in his 
presentation. 

Although Dr. Willdns has demonstrated that venous congestion slows the circula- 
tion, one must be careful to interpret its clinical implications. I sometimes wondw 
whether laboratory evidence indicating the existence of a slowing of the ciicu a 
tion by venous congestion is necessarily a criterion with which to condemn inter 
mittent venous occlusion as a therapeutic procedure. ^ ^ 

When I ask that question I have in mind the work of Landis, witli Ins cinento 
of an increase in capillary pressure that is associated with the ® 

congestion and an increase in capillary pressure after the lelease o vcn 
gestion. I believe that these increases in capillary pressure produced by inter- 
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mittcnt venous occlusion in patients with arterial i.npainnont favor the difTuHion 
of nutrient substances from capillary to cell and aid in tlie healing of esiona. 
Obviously, this investigation does not, tell the whole story. 

As you know, Dr. AYilensky and 1 have for some years been ))roponontH of 
intermittent venous occlnsion tliorapy. As the years liavo gone by, wo ha\e 
confinuod to investigate the problem vlinieally. Since Dr. Linton has described 
to you one case, and Dr. Allen has criticiml an expcrienci! with only one cmsc, 
lot mo say that we have already had exjteriences in well over five hundred cases. 
Allien wo trj' to remain nnbiasi'd and observe the jiutients during a. control period 
without intcrniittont venous occlusion tluTtijiy, and then ohserve the sudden 
changes wliieh arc produced by the use of Ibis therapy in jiatients with chronic 
obliterative disease, we bei'ome convinced very fref|uenlly that perhaps there is 
justification for intermittent venous occlusion therapy. 

Dr. ItbriF.RT It. Li.vton', Boston. — This [drawing on IdaeUhoard] is tiie nortti. 
This is the common iliac artery [indicating]. These are tlie external and intcrinil 
iliac arteries [indicating]. 

I agree with Dr. Allen that Ifalstcd's statements are jierfectly true, i.C., if you 
tie the common iliac, the danger of gangrene in the extremity is not great in a 
young individual. One point that Dr. llalstcd did not nmko, however, was tliat if you 
ligate the internal and the external iliac arteries, it is much more serious than if 
you. ligate only the common iliac or the external iliac. 

If you examine the va.scular tree, you will .see wliy that is true. If you fie the 
common iliac, the collatorjil circulation can get into the external iliac and down 
the leg through the internal iliac artery. 

The rcfuson I cited this ease was merely to show that in an extreme e.asc of 
va.scular occlu.“iori, when botli tlie internal and external iliac arteries were oecludcd, 
the extremity was saved witli iatonaillent venous orelusion when properly carried 
out. I liave had oilier cases whicli proved the same thing, and I still feel that 
intermittent venous occlusion has a definite use in acute arterial occlu.sion. 

Dr. Nathan’ D. AVilrk.skv. Brooklyn. — I should like to ask Dr. AVilkhts whether 
he has employed his teehiiiipie and made observations on iialients with peripheral 
arterial disease with arterial impairment, using helween 30 and 40 mm. of pressure 
and between one and two minutes of venou.s congestion. 

Dr. Irvi.n'g S. AVr.KiiiT, Xew York. — I cannot let lhi.° discu.ssion go hy with- 
out saying that wc conscientiously tried the use of this apiiaratus in twenty-eight 
cases over a period of one year, at the J’ost Graduate Hospital, and gave it up. 
This wc would not have done if we had been eonvineed of its value. 

Dr. J. Mcrr.w Sttki.r, New York. — It .«eem.s to' me that there arc two quite 
distinct points in connection with this (piestion. The paper under discussion was 
an attempt to answer the question whether or not, when one occludes the circula- 
tion with moderate pro.»surc in a cufT, (lie circulation increases at tlic time tlie 
prci-.surc is elevated. Drom another point of view, hecan.^o this particular procedure 
has been used clinically, another quc.stion nrisc.s, namely, whether iaiormitteiit 
vcaous occlusion is good or bad for people with jioor arterial .supply. The two 
problems are quite distinct. 

Dr. Nathan' D. AVjj.en'.ska', Brooklyn, — The question whollior improvement in 
circulation occurs with venous occlusion has still not lieen answered by these 
experiments. Although Sir Thomas Lewis demonstrated flint a period of Iij-pcrcmia 
follows the rele,a.sc of venous emiigestion, Wilkins does not present evidence that 
this phenoraenon occuns. Yet wo believe that the, therapeutic viitioaale of venous 
occlusion lies in the production of reactive hyjieremia. 

Our therapeutic procedure did not allow for periods of congestion n.s long 
as en minutes, for we found that the application of a congestive cuff to a limb 
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with an open lesion for this period of time could not he tolerated by the patient 
We found it necessary to shorten the congestive period to about two minutes. In 
our original publication we reported on the use of two minutes of congestion and 
two minutes of release. We were convinced of the clinical value of this procedure 
and evidence of improved circulation by the relief of the patient’s symptoms and 
the healing of ulcers. 

Dr. Egbert W. WiLiaws, Boston.— I am sorrj^ that, de.spite our deliberate 
attempt to keep this presentation on a scientific, basis, we seem to have entered 
the realm of feeling. I noticed how many times the words “1 feel” and “I think” 
have been used. We really would prefer not to ”feel” either way about it. 

I should like to answer the questions in the reverse order from that in whidi 
they were asked, because that will keep the more recent discussions in our minds. 

In regard to Dr. CoUens’ and Dr. Wilensky’s objection to accepting laboratory 
evidence in therapeutic practice, it is a valid objection provided one doesn’t call 
in any laboratory evidence, as, for example. Sir Thomas Lewis’ or Landis’ studies 
on reactive hj^peremia. We are perfectly aware that reactive hjqjeremia occurs, 
and have published an extensive study on this subject. In Sir Thomas Louis’ 
original paper he used the term “reactive hyperemia” to indicate the reaction 
that occurs in a limb after deprivation of blood flow. It is a repayment, so to 
speak, not a thing which comes out of the blue; it occurs only after one first 
deprives the limb of its circulation. 

I was most interested in Dr. Wilensky’s comments as to the inability of a 
patient with acute obstruction of the circulation to tolerate long periods of venous 
obstruction, because I presume that he meant that it was clinically unpleasant 
or intolerable for the patient to undergo tliis procedure for a period of any dura- 
tion. That, to me — if one wishes to accept only' clinical evidence — would indicate 
tliat the blood flow, or, at least, the nourishment of the tissues during that period 
was impeded, and not enhanced. 

We have used periods of venous obstruction of one or two minutes. We have 
also used longer periods. Dr. Linton, as jmu know, advocates the longer period. 
Dr. Collens and Dr. Wilensky- advocate the shorter period. In our physiologic 
studies we have found no significant difference in the results, regardless of whether 
the pressure is used for longer or shorter periods of time. 

We have used a pressure as low as 20 mm. Hg. IVe wish to emphasize, how- 
ever, that these low-er pressures produce little, if any, decrease in blood flow — m 
fact, little result whatever. 

Beturning to the matter of reactive h.yperemia, if one ndshes to produce reactive 
hyperemia in a limb, the best^’way to do it is to shut off the arterial inflow com- 
pletely by' a liigh cuff pressure. When you say' “reactive hyperemia,” as I 
pointed out a moment ago, you imply that the liinb and its circulation are reacting 
to a period of blood flow deprivation. Katz and his associates have shown that a 
number of patients with obliterative vascular disease have, in a sense, a constant 
reactive hyperemia in their limbs, because, when one occludes the arterial circula 
tion and then releases it, no reactive hy'peremia, that is, no increase m blood 
flow over the resting level, occurs. Therefore, it would appear that these peop e 
have as rapid a blood flow as they can have, that the mechanism of reactive 
hyperemia is being constantly invoked, and that doing anything further uiti m 
hope of getting overpay'ment of the debt is of little value. In regard to a 
overpayment of the oxy'gen debt or of the blood flow debt by leactive lypereni , 
most of the laboratory' evidence would indicate that the debt is not ovcip 

fact, it is somewhat underpaid. _ . 

I have no comment on Dr. deTakats’ question about the mechaniral filling 

the venous-capillary beds. 



i:t al. : cnAX(;Ks in vi:nous nucssnnH 647 

And tliilt brings us to the finul point, tlint J)r. Steele so nicely suinined up for 
us, ns to n'helher the results of this study can be brouglit to bear on the thornpoutie, 
value of intennitteut venous occlusion in the treatment of peripheral vtiscular 

disease. Now, obviously, we did not wish to go beyond the conclusions of our 

experiments, but the iuijdications are clear, and tliey have been taken by both 
those on the defense and those on the olVense. 

In response to Dr. Allen's (luestion, we liave not found that longer periods of 

intermittent venous occlusion are followed by an increase in resting blood How 

after eitber one or many periods of occlusion. Naturally, we would have to carry 
on such experiments for days, and that brings in a very im|iort!iul point. AVe 
don’t know whether there is a mechanical tilling and mnptying of the venous- 
capillary beds that is important. There may be. AVe did not want to consider 
whether ingrowth of collateral circulation would be promoted. Again, we have 
considered such an ingrowth to be a response to a deprivation of blood flow. 
Finally, we have no evidence on one very important jioint, natncly, the lymphatic 
drainage from these limbs, which might conceivably be enhanced with the inter- 
mittent tension and relaxation of tlie limb as a whole, before and after venous 
obstruction. 



EXPERIMENTS WITH CALCULATED THERAPEUTIC AND 
TOXIC DOSES OP DIGITALIS 

I. Effects on the Myocardial Cellular Structure* 

William H. Dearing, Mp.,t Arlie R. Barnes, M.D.,t and 
Hiram E. Essex, Ph.D.I 
Rochester, Minn. 

T hese studies were undertaken to ascertain (1) wketlier doses of 
digitalis, which were calculated to he equivalent to those administered 
clinically, produced demonstrable histologic changes in the myeardiums 
of experimental animals and (2) what is the minimal amount of digitalis 
(and its relation to the quantity of the drug used clinically) which will 
produce anatomic changes in the myocardiums of laboratory animals. 


literature 


Several investigators have reported that digitalis bodies are capable 
of producing organic changes in the mjmcardiums of animals, Levitski* 
administered galenical digitalis preparations and digitoxin in single and 
multiple doses to rabbits, dogs, and cats; he observed focal degenerative 
lesions in the myocardial fibers and evidence of infiammation in tlie 
connective tissue of the damaged hearts. Biiehner^’ ® described cellular 
changes in the hearts of the experimental animals on which Bauer and 
Fromherz* and Bauer® had studied certain cumulative phenomena pro- 
duced by digitalis (digitoxin), gitalin, and strophanthin). The focal 
degenerative and exudative changes were essentially the same as those 
described by Levitski, Buchner pointed out that the lesions appeared 
three or more days after the digitalis had been administered, that they 
showed a predilection for the left ventricle, and that -their origin was 
most likely related to a disturbance of the blood supply to the myocar- 
dium, He stated that these histopathologic changes are similar to those 
which occur in the myocardiums of patients who die shortly after an 
attack of angina pectoris® and to those in the hearts of rabbits after 
artificially induced anemia and strenuous exercise.'*’ ® Attention was 
called to the striking similarity between an attack of angina pectoris 
in man and the crying out and the motionless attitude assumed by 
cats after intravenous injections of digitalis. Weese and Dieckhoff also 
reported cardiac lesions after tlie administration of toxic doses ^ o 
digitoxin. The lesions were found in eats, but not in dogs and rabbits. 
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]Iu. 3/ieii, ami Li'" fonml nniUojuii- lesions in Iho hearts of do'^is 
(seventeen out of nineteen) whieii had received daily intravenous in- 
jections of dijjitoxin or lanadiij;in. Sini’O these antliors could not jn'odnci' 
histoj)atholouie chant:cs in the myocardium of tin; fro-', which docs not 
liave any coronary circulation eom])arah1e to that tonnd in mammals, 
they coneluded that didtalis hodi«-s must hrint; about the myocardial 
lesions in the cloir hy const rictiim the coronary arteries. Lindner” ob- 
served histolouie ehaniies in the myocardium of the eat afti-r the ad- 
ministration of diuitoxiji and oleandrin. lie assumed that these' l(’sions 
were ju'imarily the result of metabolic changes in the tnyoeardium and 
not of circulatory disturhanees. 

it is not clear from the work of the. aforementioned iuvestiyators 
how the doses of digitalis h()dies which produced anatomic ehaiiyes in 
th(' myoeardiums of exjierimental animals eom))arod, on the basis of 
body weitrht. with those used clinically. The data to be pivsi-ntcd in Ihis 
pajier thr<tw some liulit on this (piestioji. 

Minuous 

Cats were iu tlsej-e stu<li»'S cai tlve efTrets ef tti',ittali'' on itie cetiular 

Ftrurfiire nf the licart. Kuril unitnul \v!\« Iruiiieil fn lie fjnietly on its ri',;Iit side 
while otectrno,urilio;jr:itiis were inhen. A ronirol trn'Mit;' was inude e.urli day antil 
its contour roinainfd fairly (•(m-tant.w and until tin’ aninuil was traiiifsl stiti'fan- 
forily. 

The nnimals were tlmn wnijiln'd rarefiilly, and the jirejn’r ninoiint of dimtalb 
wa.s ndrninistercd nithi'r l>y stentarli tiitic or l>y inltavetnms or ijitrjiii!ii«''nlrir itijnc- 
tion. The dose of ditril.'ilis for its ulin'O'-idn.s') for f.aid) aniinal was i';ilcnl;ited on the 
basis of pcrcent.a;;;e nf the iiiiniinal lethal dnsc fi.r the rat. Tlilrty per cent nf 
the minim.al lethal do'e for the eat wtis ti-'iiined to be npprnxiinritely eipiivalent 
to the thcr.apinitie diwe toed in man. The cat tinit served ns n hasis for the 
comparison of the dnsat;e of diuilnlis for man tuid the rat. l”i]L;ht differmt 
digitalis preparations wore vised; f t 'l digiglusin. ampule prepartitivin nf digituli" for 
parenteral administrafion; 1 e.e. wa.s eipiivalent to 1 llatrher-llrn-ly eat unit; 
(2) liigulen, ampule preparation of diuitalis for ]i;irenteral ndministratinn: " r.r. 
were ccjnivalerti to 1 nateher-I’ro.ly rat unit; di;,’ifornie. niiipnle prepnrnlion 

of diptiilis for leirenteral administ ration; 2 e.e. were erjnivtilent to 3 Ibitelicr- 
Brorly rat unit; (1) digiforlis, tinrluro nf diailalis for oral iidininistration ; 3 r.r. 
was equivalent to .approximately 3V( Jlnteher-Brody eat iinit.s; (.3) ditritoxiii. 
erystnlline preparation; minimal letlnil d»s,. - o.-i” n,jr. ja-r hilograrn of eat 
(Iffltelier-Brrwly method); fO) hirialoside A, rrystalline preparation; minimal lethal 
= 0..';.3 rrig. per kilogram of r.at (llntrher-Brody methml); (7) humlOMde B, 
crrstnllino prciiaration; minimal lethal dose = O.tjn mg. jier hilngrnm of eat (lintrher- 
Brodj' method); and (.S) lanato«ide ft, cry.stalline preparation; mininml letlial do=e 
= 0.25 rng. per kilogram of rat f]Tiitrher-Br(«ly method). 

At various intervtils after these drugs had bi'Cn ndmini.sfered. observ.ations were 
made on the behavior of the animals, frequem elertroeardiograms were ttiken.ie 
and finally those animals wliirh did not die .'•ponlaneonsly were killed bv placing 
them in a closed chamber tind permitting them to breathe conrenlraled Viimes of 
other or chloroform. Merrofi.sie.s were performed immediately, 'flm brain and 
spinal cord were removed first. m Blork.s of (i.«siie from the heart were fi.ted in 
a 10 per rent solution of formalin after they had been removed from the following 
rcgion.s; (3) the anterior papillary mnsele and (ho left ventricle w.all, (2) the pos- 
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terior papHlary muscle and tlie left ventricular wall, (3) tlie interventricular septum 
(4) the right ventricular wall, (5) the right auricle or atrium, and (6) the left 
auricle or atrium. After proper fixation, these blocks of tissue were embedded 
in paratfin, sectioned, and stained routinely with hematoxylin and eosin. Some 
of the sections were stained with Sudan III or Mallory’s connective tissue stain. 
From each block of myocardium an average of six to twelve sections were made 
transversely (at right angles to the direction of the main muscle bundles), and a 
similar number of sections were made longitudinally (parallel to the direction of 
the main muscle bundles). An attempt was made to have the sections pass from 
the endocardial to the epicardial surfaces of the heart. An average of ninety-six 
sections were examined from each heart. 

Blocks of tissue from the skeletal musculature (biceps, abdominal wall, and 
diaphragm), smooth musculature (stomach, duodenum, ileum, and uterus), kidney, 
and liver were fixed in a 10 per cent solution of formalin, sectioned, and stained. 
These tissues were examined routinely in each control animal and every animal 
which received digitalis. 

The control animals were treated exactly like the experimental animals except 
that the controls did not receive digitalis. One control animal . was killed for 
approximately every four experimental animals throughout the course of the 
studies. 

RESULTS 


A. Anatomic Shtdies of the Myocardinms of the Control Animals — 
All of the eats which were used as controls were apparently in good 
health. The only abnormality found in the hearts of these animals ivas 
an occasional, fresh, subendocardial hemorrhage; it is possible that these 
hemorrhages were caused by the sudden death which was produced by 
ether or chloroform. 

There were no macroscopic or microscopic evidences of any ab- 
normality of the pericardium, the myocardium, or the coronary vessels 
in any of the control animals. 

B. Anatomic Studies of the Myocardinms of Animals Which Had 
Received Therapeutic Doses of Digitalis. — Two types of experiments 


were designed to ascertain the effects of calculated therapeutic doses 
of digitalis on the anatomic structure of the heart. To one group of 
animals (Group A), the calculated therapeutic amount of the drug was 
administered in a single dose within a period of two to three minutes, 


or it was given in divided doses over a period of twenty-four to fort.v- 
eight hours; the myocardiums of these animals were examined mi- 
croscopically from six to fifty-six days after the drug has been ad- 
ministered. To the other group of animals (Group B), the calculated 
therapeutic dose of digitalis was administered as in Group A, hut, m 
addition, a daily estimated maintenance dose was given to the anima s 
over a period of nineteen to sixty day’s. The maintenance dose va.s 
chosen arbitrarily on the basis of the body weight of the cat as compared 
with that of a man weighing 70 kg. For example, if 0.1 Gm. ca 
unit) of digitalis whole leaf is the average daily f «^«tenance dos 
for a man weighing 70 kg., a seventieth of 0.1 Gm (or 0.00143 •_) 

was taken as the daily maintenance dose for each kilogram of ' 

appreciated that this assumption is open to criticism (see consideiatioi 
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of solu'cc.s of error under " comment' '). The hearts of the imimals in 
Group B Avere examined histologically nineteen to sixty days after the 
administration of the digitalis bodies had been started. 

Taiiij: T 


APMIXISTa,\TION- OP CAI.Cin.ATKI) TltKKArKCTIC PO.SKS OP 

Oi:om* A 


i)i;co Aisr.i) 

DOSK, 

I-KU CKXT 

OP MI.VI.Af.U. 

l.F.THAl. POSr, 

MKTIIOI) OP 
.uimimstc.vtio.v 

Dirii.vriox or 
r.xrr.r.iMr.NT, 
HAV.S 

I.imiitopido A 

20 

intr:vv(‘U(Uis 

1* 

Digalen 

20 

closo, intrivvoiious 

1:> 

Digjilon 

.'{0 

Single dope, intnivenous 

() 

U 

l.anntosifle 0 

ao 

Single dope, intravenous 

Digifoxiii 

;:o 

Single dope, inlnivcnnus | 

1 1 

I.annfoside A 1 

;:o 

Single do.'^e, intrnvenons 

12 

I.nniitosido A 

;io 

Divided doses (AS l\r.), 
inf rnnnipentnr 

12 

Lanntosiile A 

an 

Divided do.Pe.p (I.S Iir.), 
inlrnvenons 

12 

IMgalcn 

.'10 

Single dose, infrnvenoitp 

1 1 

Dipritoxin 

an 

.Single do.«e, intravenous 

It 

I/inalosidc .V 

:’.o 

Single dope, intrnvenmi.p 

]S 

I.anutfisidc A 

an 

.Single dope, inlriivenoijs 

21 

Digifortis 

an 

.Single dope, ornl 

")(! 


1)1 Gi'oiip A liiere Avero thirteen eats (Table I). No anatomic changes 
Avei’c ob.sei'ved in the Jieart.s of any of llic animals nhieh liad I’cecived 
a calculated therajieutic dose of digilali.s. In the ma.iority of the experi- 
ments tlic myocardinin was examined Avithiii one to two aa’CcK'k after 
tlie drug had been administoi'od, for, as will be sliown later, this is the 
time dui'ing which cellular changes arc most likely to be found after the 
administration of a single toxic do.so of digitalis. 

In Gi’oup B lluTo were eleven animals (Tal)lc II). The jiuriiose of the 
experiments in this group was to a.scertain whether, in digitalized 
animals which arc receiving daily maintenance doses of the drug within 
tlie I’angc of dosage used in man, demonstrable moi'phologic changes 
in the myocardium would dcvcloi). Five of the animals, which were first 
digitalized Avith a calculated therapeutic dose of digitalis (30 per cent 
of the minimal lethal dose). reeci\’ed daily maintenance do.ses that Averc 
estimated to be the aiijiroximate equiA'alent in the cal, of 1 cat unit 
daily for a man Aveighing 70 kg. The I'cmaining six animals AA’crc al.so 
digitalized Avith 30 per cent of the minimal lethal dose of the di’ug, and 
then given daily the estimated e(|uiA’alent of 2 eat units. Tlie Avcight 
of a (0-kiIogram man and the body AA’cight of the cal AA'orc again used 
as the basis for the calculation of this daily dose. 

In none of the animals in Group B did definite cellular changes in the 
myocardium dcA'clop, even Avhen the digitalis Avas adminislei-ed daily 
for periods as long as tAvo mont.hs. All liic animals tolerated the main"- 
lenance dose Avell except one cat AA'hich recoiA-ed digalen over a period 
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of forty days; in this ease anorexia developed, and the animal lost 
V eight during the last three weeks of administration of the drug 


Table II 


Daily Administkation op the Equivalent 
Cats Digitalized With 30 Pee Cent 


OP 1 OE 2 Cat Units op Digitalis 
OP the Minimal Lethal Dose 


TO 


Group B 


DRUG USED 

daily equivalent 
dose, cat units 

aiethod op 
administration 

DURATION or 
EXPERIMENT, 

1 DAYS 

Digalen 

1 ^ 

Intravenous 

19 

Digifortis 

1 

Oral 

19 

Digifortis 

1 

Oral 

30 

Digalen 

1 

Intravenous 

34 

Lanatoside A 

1 

Intravenous 

36 

Digiglusin 

2 

Intravenous 

20 

Digifortis 

2 

Oral 

30 

Digalen 

1 2 

Intravenous 

30 

Lanatoside A 

1 2 

Intravenous 

36 

Digalen 

2 

Intravenous 

40 

Digifortis 

I 2 

Oral 

60 


C. Anatomic Studies of the Myocardnims of the Animals Which Had 
Received Toxic Boses of Digitalis, (a) Observations correlating dosage, 
duration of experiment, and histologic studies of the myocardium. It 
was difficult to group the animals in this series of experiments, for tJie 
number of animals was rather large and the manner in which flic 
digitalis bodies were administered varied considerably. Perhaps it vould 
simplify the presentation if one arranged the animals in this series into 
two major groups: (1) Group A^, those animals which received a single 
toxic dose of digitalis and subsequentlj’’ had the myocardiums examined 
microscopically after various periods of time; (2) Group those 
animals which received multiple doses of digitalis in various toxic 
amounts over different periods, and then had their hearts subjected 
to histologic study. 

In order to ascertain approximately the smallest amount of digitalis, 
as well as the minimal time, necessary to produce these anatomic changes 
in the myocardium, a series of animals was given digitalis (or one 
of its glucosides) in single doses, varying from 20 per cent to 80 per cent 
of the minimal lethal dose. The animals were killed at various periods 
after the drug had been administered, and the myocardiums studied 
histologieallj'. 

Table III shows the amounts of the various single doses of digitalis 
bodies, the route of administration, the duration of the experiment after 
the di’Ug was administered, and the results of the histologic examination 
of the myocardium. The data summarized in Table III indicate the 
following : 

1 No demonstrable anatomic changes were observed in the myocar- 
dium after the administration of either 40 or 50 per cent of the minimal 

lethal dose. 
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2. Demonslrablo ]ii.slologic clianjie-s -wci-c oli.scrvcd in tlie licavts o£ Uvo 
of eight cals Tvliieli iiacl rccoivod GO ])or ceiii of the niiniimd lethal dose. 
One eat died before .siifTieiont lime had elapsed for myocardial changes 1o 
occur. 

3. When the dose of the drug was raised to 70 or 80 ]icr cent of the 
minimal lethal dose, the frequency of cellular changes in the heart in- 
creased. 

4. Regardle.ss of the size of the single dose of drug, no definite myo- 
cardial lesions were seen during the first four days. 

5. When histologic changes occurred after the administration of 
single doses of digitalis, they were almost always present between the 
fifth and the twelfth day. 

G. Cellular changes in the heart were produced by digitalis whole 
leaf or by crystalline products of digitalis (digitoxin, lanatosides A, 
B, and C). 

7. In not all of the animals which received toxic doses of digitalis 
did myocardial lesions develop, oven when the duration of the experiment 
was five days or more (that is, within the period during which lesions 
are ])roduciblc) . 

Although it is interesting to knoAv the minimal amount of digitalis 
which will produce myocardial damage when the drug is given in a 
single dose, it is more important from the standpoint of clinical appli- 
cation to a.sccrtain the minimal amount which will cause myocardial 
injury when the drug is administered daily over a certain ])criod of 
time, as in treating patients. With this thought in mind, a scries of 
cats was digitalized with 30 per cent of the minimal lethal do.se and 
then subjected to estimated daily doses of digitalis within the toxic range. 
These daily doses were estimated in tlic manner previously doscrihed 
in this paper. 

As has liecii stated, tlie daily admini.stralion of the equivalent of 3 or 

2 cat units to digitalized animals for a ])criod as long as two months 
did not rc.siilt in definite oellular changes in the myocardium. Table IV 
.summarizes the effects of daily adinini-stration of the equivalent of 3, 4. 
5.5, or 6 cat units on the myocardiums of the digitalized animal.s, and 
the data indicate the following 

1. In five of seven digitalized cats which received the equivalent of 

3 eat units daily, lesions developed in the myocardium. Digitoxin, given 
intravenously, produced lesions aftci- five days, and digiforlis (tineliiro 
of digitalis), administered orally, induced myocardial damage Avithiu 
eleven daj'-s. 

2. Histologic changes Avere found in all of the digitalized cats AAhieh 
received the daily ciiuivalcnt of 4, 5.5, or 6 cat units over periods A-arying 
from seven to thirty days. 

(b) Remarks on the age of the animal Avith respect to the production 
of myocardial lesions. It is impoTlant to point out that, the factor of 
age significantly altered the results of this study. The old animal.s 



Table III 

Relation Between the Histologic Findings in the Myocardium and the Administration op a Single Toxic Dose of Digitalis 
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tolerated the digitalis bodies less well than the young ones, that is, 
tlio old animals were more prone to die alter single or multiple doses 
of digitalis had been administered and more likely to show lesions in 
the myocardium, and these myocardial lesions were more lilccly to ho 
extensive. For example, a young cat which received the daily ecpiivalent 
of 6 cat units of digifortis (tincture of digitalis) for thirty daj-s showed 
far le.ss extensive lesions in the myocardium than did an old cat which 
received the daily equivalent of only 3 cat units of digifortis for eleven 
days. 

(c) The myocardial histologic changes produced by toxic doses of 
digitalis. So far we have mentioned only the dosage of digitalis and 
the intervals in relation to the myocardial lesions. Let us now discuss 
the sequence of pathologic events in the dcvcloimicut of these myocardial 
lesions. It must be kept in mind that the histologic changes were found 
only after administration of toxic doses of digitalis, and not after the 
administration of calculated therapeutic doses of this drug. 

Among the early microscopic changes which were seen in the hearts 
of animals that had died spout ancoirsly or had been killed within one to 
four days after single or multiple toxic doses of digitalis bodies were 
zones of capillary engorgement and regions of muscle which stained 
deeply with cosin and exhibited a more or less homogeneous appearance 
and coarse granulations in the perinuclear cytoplasm, or rather large 
clear spaces around the nuclei of the muscle fibers. None of these were 
considered sufTiciently definite to justify classifying tliom as evidence 
of clear-cut histologic changes. When they occnri'cd they wore not 
counted in our results as myocardial lesions. This ]>osition was taken 
to minimize the inclusion of falsely positive observations. 

Our anatomic studies confirm those of Levitski and Biichner. The 
earliest definite cellular change was a degeneration of the myocardial 
fibers. The latter seemed to vacuolate, fragment, and disintegrate in 
focalized zones of the myocai’dium (Fig. 1). HcmoiTliagc was often 
seen in the regions of degciicralion of muscular fibers (Fig. 2). Later, 
exudative cells entered the region of degeneration (Fig. 3), These 
exudative cells included neutrophilic leucocytes, lymphocytes, and his- 
tiocytes. At this stage the lesions wci’c typical of inflammation. As the 
degenerative and exudative components began to subside, the connec- 
tive ti.ssne cells (fibroblasts) proliferated (Fig. 4). Tf the admini.stration 
of digitalis was discontinued and the dosage of the drug had not been 
too large these myocardial lesions began to heal. The degenerating 
material and the exudative cells were replaeed gradually by fibroblasts. 
The recently healed lesions were composed of loosely interwoven fibro- 
bla.sts (Fig. 5). These focalized scars wei-c scatteiud tlu'oughout the 
mycardium. After a time lhe.se regions of scar ti.ssne contracted, and 
it was sometimes difficult to locate them in the heart after six to eight 
weeks (unle.ss the damage to the myocardium had been extensive). 

As previous workers have pointed out, there was a iiredilection of 
these focalized lesions for certain regions of the myocardium. Tlie 



Fie. 1 


• — Early deeeneration of the myocardial fibers after administration of a toxic 
dose of digitalis (X-ioO). 




-Hemorrhage into zones of degeneratinp myocardium after admini.stration 
of a toxic dose of digitalis (XtaO). 




Fig. .^. — Degeneration oC tlic myocardial fiber.";, plu.s numerous exudative cells after 
administration of a to.xic do.se of digitalis (X-i50). 
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Fig. i . — Karly .signs of liealing in myocardial lesion after administration of a toxic 
do.se of digitaii.s. Fibroldasts are proliferating (X-ISO). 
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anatomic clianges were more likely to be found in the papillary muscle 
than anywhere else in the heart; next in frequency were the left ven- 
tricular wall and the interventricular septum. Histologic changes were 
observed in the right ventricular wall, but they were much less fre- 
quent and extensive than those in the left ventricular wall. Demonstra- 
ble cellular changes in the auricles and atria were seen in only a few 
animals. 

There was perhaps a tendency for the histologic changes to be more 
frequent and more extensive in the subendocardial region of the myo- 
cardium than in other regions, but they were also often found through- 
out the entire .depth of the ventricular wall, from the epicardium to the 
endocardium. 



Piff. 5. — ^Recently healed myocardial lesion produced by digitalis. Fibroblasts have 
replaced the destroyed myocardial fibers (X450). 

Before concluding our remarks on the histologic studies of the heait, 
it might be well to emphasize again that no evidence of any abnormaht.' 
of the coronary arteries, uicluding arteriosclerosis, was observed in an} 
of the controls or the animals treated with digitalis. 

D. Anatomic Studies of the Skeletal and Smooth Musculature of the 
Control Animals and of Those Treated With Digitalis.— One might 
ask whether toxic doses of digitalis rvliich were capable of producing 
lesions in the cardiac muscle were alile also to cause cellular changes 
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ill the skeletal or smooth musculature of the experimental animals. 
Histologic study of the skeletal musculature (biceps, abdominal wall, 
and diaphragm) and the smooth musculature (stomacli, duodenum, 
ileum, and uterus) in each of the control animals and in the animals 
which had received therapeutic or toxic doses of digitalis bodies failed 
to reveal any evidence of pathologic changes. These studies of the ex- 
tracardiac musculature were made' routinely on every animal used in 
these experiments. 

E. Ohservations on Signs of Intoxication in the Cats Treated ^YUh 
Digitalis . — ^^^omiting for a few hours and anorexia for one day or so 
were observed in some of the animals whicli received calculated thera- 
peutic doses of digitalis. No significant arrhythmias were noted after 
calculated therapeutic doses of digitalis. Tiie cardiac rate in these ani- 
mals was slowed, accelerated, or unchanged. In our experiments the 
cardiac rate was found not to be a reliable guide to the quantity of 
digitalis administered. A few daj's after a therapeutic dose of digitalis 
the appearance of the animals was not different from ivliat it had been 
in the control period before digitalization. 

Tlie incidence of vomiting and anorexia was greater in the animals 
Avhich received toxic doses of digitalis than in those which received 
therapeutic doses. Not all the animals vomited, even after 80 per cent 
of the minimal lethal dose had been administered. Loss of weight occurred 
in the severely intoxicated cats, and drowsiness was noted fairly fre- 
quently in these animals.'^ Arrhythmias of various types occurred with 
toxic doses of the drug.^- Itlany of the animals which were intoxicated 
with digitalis show'ed an accelerated heart rate instead of bradycardia. 
The latter, however, was observed commonly. Only a few of the animals 
exhibited the so-called anginal syndrome, as described by Buchner,® 
after an intravenous injection of digitalis. These signs disappeared after 
a brief period. 

Some of the animals which had been quite ill and had shown sug- 
gestive signs of myocardial injury in their electrocardiograms recovered 
completely. Their appetites returned to normal, they gained weight, 
the electrocardiograms resumed contours similar to tliose of the con- 
trol periods, and, to all intents and purposes, the animals -were normal. 
Tliese animals had had myocardial lesions which healed. 

F. Preliminary Observations on the Relation Bekoeen Dosage of 
Digitalis and Mijocardial Lesions in Hyperthyroid Cats.— Hyperthy- 
roidism was induced with thyroid extract or thyroxin in a series of 
cats. Extensive myocardial lesions were observed in some of the hyper- 
thyroid animals which had received a calculated therapeutic dose of 
digitalis (30 per cent of the minimal lethal dose). As has been shown, 
this dose of digitalis did not produce any demonstrable anatomic 
changes in the normal animal. Toxic doses of digitalis either killed 
the hypei’thyroid animals promptly or caused extensive myocardial 
damage. These experimental results will be reported in a separate paper. 
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Discussion of Sources of Error in Our Experiments an Digitalis.— 
The bio-assay of tJie potency of digitalis leaves introduced an unavoida- 
ble source of error into om experiments. It is agreed by everyone that 
the bio-assay of digitalis is not entirely satisfactory; yet it is perhaps 
the most reliable method available at the present time. It was necessary 
for ns to rely on bio-assay m order to ascertain the potency of our digi- 
talis leaves, even though it was apparent to us that 0.1 Gm. of a given 
standardized preparation of digitalis leaves may be lethal for one cat 
which weighs 1 kg. and not for another eat of the same weight under 
identical experimental conditions. There is no knovui simple method of 
eonti’oUing the biologic variables which contribute to the production of 
differences of sensitimty to drugs among various individuals of the same 
species. Even when crystalline products of digitalis, which can he stan- 
dardized gi’ammetrically, are used, the minimal lethal dose for the cat 
may vaiw considerably as a result of variations of individual sensitirity 
to the drug. Therefore, the size of the dose of any given preparation of 
digitalis which is required to produce a certain response in the eat is only 
an approximate value. 

In our present state of knowledge, one is forced to use animals to assay 
the digitalis whicli is to be used in the treatment of patients. There is 
no assurance that man and animal are equally sensitive to digitalis. 
It is thought, however, that the sensitivity to digitalis of the cat is 
more like that of man than is the sensitivity of any other commonly 
used laboratoiw animal. Although experimentation in the future may 
indicate that the eat rmit is not an adequate guide for the estimation 
of the dosage of digitalis in man, we have used this unit in our experi- 
ments to compare the dosage of digitalis in man and in the eat. 

For the lack of a better method, we have assumed arbiti’arily that, 
if a daily dose of 0.1 Gm. of a given preparation of digitalis is necessary 
to maintain digitalization in the case of a 70-kilogram man, a seventieth 
of 0.1 Gm., or 0.00143 Gm., -^viU maintain digitalization in a cat which 
weighs 1 kg. This assumption is obviously open to eriticism, but we 
are not aware of a better and simpler method of ascertaining for the 
cat the dose of digitalis which corresponds to'^ 1 cat luut in man. 

It should be kept in mind that these expei*iments on digitalis were 
done, to the best of our knowledge, on healthy' cats that had normal 
myocardial struetm-e and normal vascular systems. 3Iyocardial and ar- 
terial diseases were not complicated factors in our animals. 

It might be weU to point out that our method of histologic study- 
does not give information regarding the multitude of chemical and 
other changes which may occur in the myocardium before demonstrable 
morphologic changes are obsei-vable. The absence of inyocardial lesions 
soon after the administration of toxic do.ses of digitalis does not mean 
that chemical changes in the myocardium, which may lead later to 
cellular necrosis, have not already occurred. 
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SUMMARY 

No microscopic pathologic changes Averc found in the myocardiums or 
coronary arteries of the control animals. 

No evidence of histologic changes Avas found in tlie myocardiums oi 
llie experimental animals after the administration of calculated tliera- 
pcutic amounts of digitalis (30 per cent of minimal lethal dose) in 
single or divided doses, given over a period of forty-eight hours. The 
histologic studies Avere made after a minimum of six days and a maximum 
of fifty-six days. 

j\[yocardial lesions Avere not produced in our experimental animals 
Avhen they Avere digitalized rapidlj- AA’ith a calculated thera])eutic dose 
of digitalis, and Avere then given daily maintenance doses of the drug 
Avhich Avere estimated to correspond to either 1 or 2 eat units for a man 
AA'cighing 70 kg. The histologic studies Avere made after a minimum of 
nineteen days and a maximum of sixty days. 

In our experiments, 60 per cent of the minimal lethal dose Avas the 
smallest amount of digitalis aa-IucIi, Avhen given as a single dose, iiro- 
duced definite evidence of myocardial lesions. This dose of digitalis is 
in the toxic range. 

The freciuency Avith Avhich myocardial lesions occurred increased as 
the size of the single dose of digitalis aatis increased to 80 jier cent of the 
minimal lethal dose. 

Myocardial lesions Avero not found until five or moi'c days after the 
single toxic doses of digitalis had been administered. 

Histologic changes Averc not obscrA’cd in the hearts of all the animals 
AA'hich had received toxic amounts of digitalis, even Avhen the quantity 
of the drug Avas 80 per cent of the minimal lethal dose. 

Histologic changes Avere produced in the myocardium A\-hen the ani- 
mals Avcrc digitalized rapidly Avith a calculated therapeutic dose of 
digitalis, and Averc then given daily quantities of the drug AA’hich Avere 
estimated to correspond to 3, 4, 5.5, or 6 cat units for a man Aveighing 
70 kg. The equivalent of 3 cat units daily of parenterally administered 
digitoxin caused myocardial le.sions Avithin five days in one animal, 
AA'hereas the same amount of orally administered tincture of digitalis 
produced myocardial lesions Avithin eleven days in another animal. The 
digitalized animals in this group Avhich received daily doses of digitalis 
in the toxic range had their myocai’diums examined miei’oscopically 
after a minimum of five days and a maximum of thirty days. 

Histologic changes in the heart Avcrc produced by digitalis Avhole leaf 
or by crystalline products of digitalis (digitoxin, lanatosidc A, lana- 
toside B, and lanatoside C). 

The sequence of pathologic changes in the myocardium after the ad- 
ministration of toxic doses of digitalis Avas studied. The observations of 
LcAntski' and Buchner^ AA’ere confirmed. 

The myocardial lesions Avere focal in distribution, and aa’ctc more 
frequent in the papillary muscles and in the left ventricular Avail than 
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in other regions. This also confirmed the observations of Levitsld and 
Buchner. 

Animals which survived the toxic doses of digitalis recovered com- 
pletely in three or more weeks. Animals which had myocai’dial scars 
produced by digitalis (healed lesions) appeared entirely normal after 
three to four or more weeks. 

Myocardial lesions were more prone to develop in old animals after 
the administration of digitalis than in young ones. This difference in 
sensitivitj^ to the drug Avas not related to arteriosclerosis, for no evidence 
of this disease was found in the cardiac arteries or arterioles of auA’' of 
the cats. 

Experimental hyperthyroidism increased the sensitivity of the ani- 
mals to digitalis. Myocardial lesions were found after the administration 
of calculated therapeutic doses of digitalis to hyperthjwoid cats. 

No evidence of anatomic changes was seen in the skeletal musculature 
or the smooth musculature of any of the animals Avhich had received 
digitalis in therapeutic or toxic quantities. 
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EXPERIMENTS WITH CALCULATED THERAPEUTIC AND 
TOXIC DOSES OF DIGITALIS 

II. EfFEGT.S on the EIjECTKOCAKDIOGRAjP' 

William H. Dearing, M.D.,t Arlie R. Barnes, M.D.t and 
Hiram E. Essex, Ph.D.J 
Rochester, Minn. 

T he purpose of this iuA'estigation was to ascertain whether charac- 
teristic electrocardiographic patterns accompany the myocardial 
lesions produced hy digitalis, as described in a previous paper.^ 

literature 

Numerous investigators have described the effects of digitalis bodies 
on the electrocardiogram of man and animals. Nicolai and Simons^ ad- 
ministered 3 Gm. of powdered digitalis leaves daily for five days to 
four human subjects and observed an increase in the amplitude of the 
T wave. Straub® gave toxic doses of strophanthin (3 mg.) to anes- 
thetized cats; he observed inversion or elevation of the T w’ave. Selenin'* 
observed in morphinized dogs an increase in the size of the T wave 
after the administration of digitoxin. Bickel and Tsividis® injected 
digitalysatum into rabbits and observed a slight decrease in the height 
of the T wave with moderate doses (1 e.c. per kilogram) and a decrease 
in height of the T wave with larger doses. Bickel and Pawlow® came 
to a similar conclusion after administering small and large doses of 
strophanthin and digistrophan to dogs and ralibits. Rothberger and 
Winterberg^ did not observe any change in the electrocardiogram of 
the dog with small doses of strophanthin; large doses sometimes pro- 
duced inversion of the T wave. Colin, Fraser, and Jamieson® concluded 
that digitalis (average of 0.4 Gm. daily) produced a lowering of the 
T wave, and later an inversion. They stated that the changes in the 
T Avave developed as earlj" as thirty-six to forty-eight hours and per- 
sisted as long as twenty-two days after the digitalis had been admin- 
istered. White and Sattler® considered a decrease in the amplitude of 
the T wave to be the earliest sign of the action of digitalis. The.i^ gave 
2 to 3 Gm. of standardized digitalis over periods of seven to fourteen 
days to human subjects. 

Robinson and WilsoiP® reported negative T waves in cats ivliich had 
received 10 per cent of the calculated minimal lethal dose of digitalis 
every t en minutes. The negative T wave appeared when approximately 
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25 per cent of the minimal lethal close had been administered. Harris 
and EdiiH^ described a depression of the RS-T segment in the elec- 
trocardiograms of human subjects after the administration of 1 dram 
(3.7 c.c.) of digitalis a daj^ for a fortnight. The depressed RS-T seg- 
ment was regarded as a sign of digitalis intoxication. Pardee’^ re- 
ported electrocardiographic changes in man after giving 1 minim 
(0.06 c.c.) of standardized tincture of digitalis per pound (0.5 kg.) of 
body weight. The T wave in Lead III was first decreased in height and 
then inverted; these changes appeared two to four hours after the digi- 
talis had been administered, reached a maximum in six to seven hours, 
and persisted for a period of twenty-four hours without change. Pardee'" 
tested forty-one persons with four different standardized tinctures of 
digitalis and concluded that the changes in the T wave could be used 
as a measure of the minimal effective dose. McCulloch and Rupe''' 
studied the effects of digitalis on the electrocardiograms of children. 
They stated that, with full digitalization, the changes were not constant- 
in all eases. Marvin, Pastor, and Cai'michaeP" administered 1.5 6m. of 
standardized digitalis per 10 pounds (4.5 kg.) of body weight and ob- 
served reversal of the T waves or depression of the RS-T segment in 
twenty-nine of thirty subjects. 

DeGi’aff and Wible^® observed in eats an elevation of the RS-T seg- 
ments after the administration of digitalis. They pointed out its sim- 
ilarity to the RS-T change which occurs soon after myocardial infarc- 
tion. Yaeoel and Papapanayotou^" reported that an increase in tlio 
height of the T waves accompanied improvement in the condition of 
patients who v'ere receiving digitalis and ouabain. This is in contrast 
to the observations of Pai’dee. Cohn and Stewart'® observed changes 
in the direction of the T wave in dogs after tlie administration of 
therapeutic doses of digifoline (0.5 c.c. per kilogram). Kahlson'® ob- 
served an increase in the lieight of T waves in cases of lieart disease 
and a decrease in their height in normal persons after the administra- 
tion of digitalis. Brams^” studied the effects on dogs and cats of various 
preparations of digitalis in therapeutic and toxic doses. Constant low- 
ering of the T Avave did not occur and in no case was a negative T wave 
observed. He doubted that changes in the T wave could be used as a 
criterion of the action of digitalis, as Pardee had .sugge.sted. The .same 
conclusion Vvas reached by Brams and Gaberman-' when they adminis- 
tered an average of 4.5 c.c. of digifoline to human subjects until nausea, 
vomiting, preeordial distress, or heard block occurred. Schwartz and 
Weiss, Blumenfeldt and Straus.s,*® and Griinbaum-' came to siinilai 
conclusions about the T wave after the administration of digitalis to 
human subjects. On the contrary, Bromer and Blumgart'- regarded 
the T-wave changes as a quantitative index of the amount of digitalis in 
the body. 

Larsen, Neukirch, and Nielserr^" studied the effects of thei-apeulic 
doses of digitalis on fifteen young adults; in fourteen of these .subjects 
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the T wave became lower in one or more leads. Herles" pointed out 
that changes in the RS-T segment and T wave occurred primarily in 
Leads I and II with Ictt ventricular strain, and ])redominantly in Leads 
II and III with right ventricular strain. Wintcrnitz'-'' called tiUention 
to two types of changes in the RS-T segment after the administration 
of digitalis, namely a trough-shaped or bowl-shaped depression, and 
an oblique depression. 

The foregoing review indicates the diversity of opinion regarding 
the nature of the elect roeardiograjihie change.s, and also regarding the 
inter])retation of their significance, after the administration of any 
given dose of digitalis. 

Several w'orkers have published jiapers dealing with the jiroblem in 
which we are primarily intere.sted, namely, the relation between elec- 
trocardiographic changes and the myocardial damage produced by 
toxic doses of digitalis bodies. Bauer-® studied the electrocardiograms 
on some of his cats. He intimated that the negative T wave was an 
indication of cardiac damage. Korth and Spang®" observed depression 
or elevation of the RS-T segment, in cats after the administration of 
toxic amounts of digitoxin in single or multi])le doses; depression of 
the RS-T segment was not a.s.sociatcd with myocardial necrosis, but 
elevation of the segment did constitute evidence of necrosis in the car- 
diac muscle. Spang and Korth®' amplified their ])revious studies to 
emphasize their observation that depression of the RS-T segment does 
not indicate the presence of myocardial lesions. Baur and ReindelP® 
studied the tracings from cats which received digitoxin in small and 
in large doses (0.025 to 0.1 mg. per kilogram). They described ton differ- 
ent electrocardiographic changes, and stated that the patterns after the 
administration of small doses of digitalis (unassociated with cardiac 
lesions) may he the same as those after the administration of large 
doses (associated ivith myocardial necrosis). It is not quite clear which 
patterns were indicative of myocardial damage. 

METHODS 

tVitk a few exceptions, tlie eicctrocavrtiograpliic stiiilios witli digitalis were made 
on the same cats which were used in the previoiasly de.scribed experiments’ dealing 
with anatomic changes in tlie myocardium. 

A Sanborn portable cardiette served to record tlie electrocardiograms. Tlie 
machine was standardized carefully at the beginning of each lead. A deflection 
of 1 cm. represented a potential dilYerence of 1 millivolt. The three conventional 
leads were used in all experiments (Lead I, right foreleg and left foreleg; Lead 
II, right foreleg and left hindleg; Lead HI, left foreleg and left hindleg). 

Small areas were shaved on the proper extremities for the attaohinont of the 
lead nires. A commercial electrode paste was used to insure good contact between 
the electrodes and tlie skin of the animal. As a further precaution, gauze was 
placed between the two forelegs and between the two hindleg.s to prevent contact 
of the extremities while the electrocardiograms were being made. 

Each animal was trained to lie quietly on its right side on a table over which 
a rubberized cushion had been placed. During this period of training, electro- 
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cardiograms -a-ere made daily. When the animal was trained satisfactorily and 
the electrocardiograms had attained a fairly constant contour (which persisted 
for several days), digitalis was administered. 

It is not necessary to repeat the names of the various preparations of digitalis 
their dosage, methods of administration, and so forth, for they were the same as 
described in the paperi dealing with the anatomic studies on the myocardium. 

RESULTS 

It is planned to attempt to correlate the dosage of digitalis, the elec- 
trocardiographic changes, and the anatomic studies on the myocardium. 

A. Electrocardiographic Studies of the Control Animals. — There was 
considerable variation of cardiac rate. Sinus arrhytlunia was observed 
frequentljL The T tvave in Lead III was often negative. A slight eleva- 
tion of the KS-T segment wms seen in some of the control animals and 
in some of the experimental animals during the control period (before 
administration of digitalis). 

The histologic studies of the myocardium of the control animals failed 
to reveal any evidence of structural disease. 

B. Electrocardiographic Studies of Animals Which Received Ther- 
apeutic Boses of Digitalis. — In order to simplify the presentation of 
the studies correlating the electrocardiographic changes with the dosage 
of digitalis and the histologic investigations of the myocardium, the 
experimental animals w'ere divided into tw'o groups: (1) Group A, those 
which received the calculated therapeutic amount of digitalis (20 or 
30 per cent of the minimal lethal dose) in a single dose within an in- 
terval of two to three minutes, or in divided doses over a period of 
fortj’-'eight hours; (2) Group B, those which received the calculated 
therapeutic amount of digitalis in a single digitalizing dose, and, there- 
after, daily maintenance quantities of the drug over a period of nineteen 
to sixty days. The dailj^ maintenance doses -were calculated as indicated 
in a previous paper they Avere the estimated equivalent of either 
1 or 2 cat units per day (a 70-ldlogram man and the body weight of 
each cat were used as the basis for these calculations). 

In both Group A and Group B, electrocardiograms w-ere taken, as a 
rule, six hours after the drug had been administered, and then once 
or twice daily throughout the duration of the experiment. 

In Group A there Avere thirteen cats (Table I). No anatomic changes 
in the myeardium Avere observed, and the electrocardiographic altera- 
tions were not constant. >Studies of the KS-T segments and T Avaves 
in approximately 250 electrocardiograms (each with three leads) re- 
Amaled the following: (1) no significant change; (2) positiAe Tj 
changed to negatNe Tg; (3) negative Tg changed to positive Tg; (4) 
decrease of height of T Avave in one or more leads; (5) increase o 

height of T wave in one or more leads. 

There were slight increases or decreases in the height of the T Avav^ 
in the majority of the animals Avhich received calculated therapeutic 
doses of digitalis, but the changes recorded in Table I are only those 
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Table I 


COmiELATlON OF THEUAFEU'ITC DOSE OP DlGITAUS, DURATION OF THE EXPERIMENT, 
AND THE Most Prominent Change in the KS-T Segment and T Wave, Group A 


DRUG USED 

dose, per 

CENT OF 
JIINIMAE 

LETHAL 

DOSE 

MEA’HOD OP 
ADMINISTRATION 

, duration 

OP 

EXPERI- 

MENT, 

DAYS 

MOST PROMINENT 
CHANGES OBSERVED IN 
RS-T AND T 

Lanatoside A 

20 

Single dose, intra- 
j venous 

14 


Digalen 

20 

Single dose 

15 

No significant changes 

Digalen 

30 

Single dose 

0 

No significant changes 

Lanatoside C 

30 

1 

Single dose ^ 

11 


Digitoxin 

30 

1 

Single dose 

i 

11 

1 Decrease in height oi! 
T,; negative T, be- 
came positive 

Lanatoside A 

1 

30 

1 

1 

Single dose 

12 

] 

1 

Decrease in height of 
T, for 24 hr.; then 
increase in height of 
T„ T,, and T, 

Lanatoside A 

30 

Divided doses (48 
lir.), intratnusciilar 

12 

Negative T, became 
positive 

Lanatoside A 

30 

Divided doses (48 
lir.), intramuscular 

12 ’ 

Negative T, 

Digalen 

30 

Single dose, intra- 
venous 

14 


Digitoxin 

30 

Single dose, intra- 
venous 

14 

Decrease in height of 
T, and negative T, 

Lanatoside A 

30 1 

Single dose, intra- 
venous 

18 

No significant change 

Lanatoside A 

30 1 

1 

Single dose, intra- 
venous 

21 

Negative T, 

Digifortis 

30 

Single dose, oral 

50 

Slight decrease in 
height of T, and T, 
for a few days 


which were more or loss prominent. Significant elevation or depression 
of the RS-T segment was not observed in any of the animals in Group A. 

In Group B there were eleven cats (Table 11). In these animals, 
which received a therapeutic dose of digitalis, plus estimated daily 
maintenance quantities of the drug, there were likewise no demonstrable 
myocardial lesions and no consistently typical electrocardiographic 
changes. Studies of the RS-T segments and T waves in approximately 
350 electrocardiogi’ams (each noth three leads) revealed the folloiving: 
(1) no significant change; (2) positive T, changed to negative Tg; (3) 
negative Tg changed to positive Tj; (4) decrease of height of T waves 
in one or more leads; (5) increase of height of T waves in one or more 
leads. 

In both Groups A and B, changes of cardiac rliythm were oliserved (no 
significant change, tachycardia, or bradycardia), but they were difficult 
to evaluate. Under the. conditions of ,our experiments, even witli tlic 
well-trained cats, cardiac rate did not seem to be a reliable index to the 
quantity of drug which the animal had received. 
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Table H 


CoKnELATiox Between Dosace ok Digitalis, Dubatiox 
Most Promixext Change in KS-T Segment 


OF THE Experiment, and 
AND T 'Wave 


The aiu^ls were digitalized with a calculated therapeutic dose of diiritali 
per cent of minimal lethal dose), and then given a daily dose of digitalis to 
spond to either 1 or 2 cat units daily for a man weighing 70 kg. 

Group B 


iS (HO 
corro- 


DRUG USED 

EQUIVALENT 

DAILV 

JIAIN- 

TEXANCE 

DOSE, 

CAT UNITS 

1 

IIETHOD OF 

ADJIIN1.STRA- 

TION 

DURATION OF 
EXPERIMENT, 
DAYS 

MOST PROMINENT RS-T AND 
T CHANGE OBSERVED 

Digalen 
Digifortis 
Digifortis i 

Digalen j 

Lanatoside A 

1 

1 

1 

1 

1 

Intravenous 

Oral 

Oral 

Intravenous 

Intravenous 

19 

19 

30 

34 1 

36 

No significant change 
Negative T, hecanie positive 
No significant change 
Negative T. 

No significant change 

Digiglusin i 

2 

Intravenous 

20 

Negative T,; decrease in 
height of T, 

Digifortis 

2 

Oral 

30 

No significant change 

Digalen 

i 

Intravenous 

30 

Tall T waves 

Lanatoside A 

2 

Intravenous 

36 

Negative T, 

Negative T. 

Digalen 

2 

Intravenous 

40 

Digifortis 

2 

Oral 

! 60 

No significant change 


Sinus arrliythmia, prolongation of the P-R inteiTal, and shortening 
of the Q-T interval were observed in .some of the animals. No ventricular 
premature contractions were noted in any of the electrocardiograms of 
the animals in Group A or Group B. 

All of the electrocardiographic changes in Group A and Group B 
were reversible. The changes in the RS-T segment and T wave listed 
in Tables I and II constitute the predominant alteration during the 
period of obseiwation. For example, in one case a negative T, developed 
six hours after 30 per cent of the minimal lethal dose of digitalis had 
been injected; this electrocardiographic change persisted for a few days 
and then di.sappeared. 

C. Electrocardiographic Studies of Animals Which Received Toxac 
Doses of Digitalis. — It is difficult to group the animals in this series 
of experiments, for the dosage of digitalis and the intervals varied con- 
.siderably. For convenience in presentation, the animals were arranged 
in two major groups: (1) Group Aj, those animals which received a 
single toxic dose of digitalis, had daily electrocardiograms (tracings Merc 
often made at hourly inteiwals on the day the drug was administered), 
and finally had the myocardium examined microscopically after vaiying 
periods; (2) Group B^, those animals which received multiple doses of 
digitalis in various amounts over different peilods, had daily elec- 
trocardiograms, and ultimately had their hearts subjected to histologic 
study. 

Before the data are presented on these two major groups of animals, 
it might be well to point out again that in this section of the paper 
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Table III 


QT^Tf-rx- Tovir Doses of Digitalis, Duration op the Exi’ekimem, 
Correlation of Single and the Most Prominent Changes in 

Histologic Studies of Myocardium, and the 

ES-T Segsient and T \Vave 

, V • T <=P<rnipnt and T wave arc tlic most prominent which were 

o„24?”Sr .t' ~ “LTo'rS, 


Group A, 


1 

pnijT. USKO 

DOSE, 

PER CENT 

OF 

MlNIMAIi 

LETHAI. 

DOSE 

METHOD OP 
administra- 
tion 

duration 

OF 

EXPERI- 

MENT 

HISTO- 

LOGIC 

CHANGE 

IN 

MYO- 

CARDIUM 

JIOST PROMINENT 
CHANGES OBSERVED IN 
RS-T AND T 

Digalen 

40 

Intravenous 

12 days 

No 

Negative T,; decrease 
in height of T, and T, 

Dieriirlusin 

40 

Intravenous 

12 days 

No 

Negative Tj 

Lanatosidc A 

40 

Intravenous 

12 days 

No' 

Negative T, ; decrease 
in height of T, and T, 

Eanatoside 0 

30 

Intravenous 

11 days 

No 

Negative T, 

Digitoxin 

50 

Intravenous 

13 days 

No 

Negative T,; decreased 
height of T, and T.; 
later, increased height 
of T„ T,, and T, 

Lanatosidc A 

50 

Intravenous 

14 days 

No 

Negative T, 

Digalen 

50 

Intravenous 

1 

15 days 

No 

Decreased height of all 

T waves, and then 
negative Tj 

Digitoxin 

GO 


12 hrs. 

No 

Decreased height of T, 
T., and T, 

Lanatosidc C 

GO 


9 days 

No 


No significant change 

Lanatosidc A 

GO 

1 Intravenous | 

10 days 

No 

Elevation of ES-T„ 
ES-T,, and ES-T, 

Digitoxin 

GO 


10 days 

Yes 

Lanatosidc C 

GO 

Intravenous 

11 days 

Y'es 

No significant change 

Digiglusin 

00 


12 days 

No 

Depression of RS-T, 
and ES-T„ 

Digalen 

GO 

Intravenous 

14 days 

No 

Negative T, 

Digalen 

GO 

Intravenous 

15 days 

No 

Negative T, 

I^anatoside A 

GO 

Intravenous 

15 days 

No 

Negative T5 ; depres- 
sion of ES-T, and 
ES-T, 

Digitoxin 

70 

Intravenous 

4 days 

No 

Depression of ES-T,, 
ES-T,, and ES-T, 

Lanatosidc C 

1 70 

Intravenous 

11 days 

No 

No significant change 

Digiglusin 

70 

Hi 

12 days 

Yes 

Depression of RS-T„ 
ES-T„ and ES-T, and 
then elevation of 
ES-T, and ES-T, 

Digiglusin 

75 

Intravenous 

■ 

■ 

, Slight elevation of 
ES-T„ ES-T„ and 
ES-T, 

Digiglusin 

75 

Intravenous 

9 days 

Yes 

Negative T, ; elevation 
of ES-T, and ES-T, 

Lanatosidc ) 

t 75 

Intravenous 

12 days 

Yes 


Digiglusin 

80 

Intravenous 


IH 

Died, ventricular 
fibrillation 


(Tahle continued on next page.) 
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Tablk III — Cont’d 


DRUG USED 

DOSE, 
PER CENT 

. OF 
MINIilAli 

LETHAL 
. DOSE 

ilETBOD OF 
ADMINISTRA- 
TION 

DURATION 

OP 

EXPERI- 

MENT 

HISTO- 

LOGIC 

CHANGE 

IN 

MYO- 

CAUDIUSI 

MOST PROMINENT 
CHANGES OBSERVED IN 
RS-T AND T 

Laaatoside A 

80 

Intravenous 

3 lirs. 

No 

Died, ventricular 
fibrillation 

Lanatoside A 

80 

Intravenous 

41trs. 

No 

Died, ventricular 
fibrillation 

Lamatoside A 

so 

Intravenous 

6J lirs. 

No 


Digalen 

so 

Intravenous 

1 day 

No 


Lanatoside A 

80 

Intravenous 

2 days 

No 

Depression of RS-T 
and RS-T, 

Lanatoside A 

80 

Intravenous 

3 days 

No 

Increased lieiglit of T, 
and T, 

Digalen 

SO 

Intravenous 

4 days 

No 

No significant change 

Lanatoside A 

SO 

Intravenous 

5 days 

Yes 

Cove-plane, negative 

T, and T„ 

Digitoxin 

80 

Intravenous 

6 daj’^s 

Yes 

Elevation of RS-T, and 
RS-T, 

Lanatoside A 

SO 

Intravenous 

7 days 

Yes 

Elevation of RS-T, and 
RS-T, 

Lanatoside A 

SO 

1 

Intravenous 

S days 

Yes 

Elevation of RS-T, and 
RS-T,; negative T. be- 
came positive 

Lanatoside 0 

so 

Intravenous 

9 days 

No 

No significant changes 

Lanatoside A 

80 

Intravenous 

10 days 

No 

Decreased height of T„ 
T„ and T,; slight de- 
pression of RS-T, 

Lanatoside A 

80 

Intravenous ; 

1 

10 days 

Yes 

Negative T^; only fc"’ 
tracings 

Lanatoside C 

80 

1 

1 

Intravenous 1 

i 

11 days 

No 

Elevation of RS-T, and 
R-S-T, (not of plateau 
t-lTe) 

Lanatoside A 

SO 

Intravenous 

12 days 

Yes 

Elevation of RS-T, and 
RS-T, 

Digalen 

so 

1 

Intravenous 

12 davs 

■ 

j 

Yes 

Decreased height of 
T, ; T, became posi- 
tive; cove-plane, nega- 
tive T„ and positive 

T. 

Digiglusin 

SO 

Intravenous 

12 days 

No 

Striking depression of 
RS-T,, Rf5-T, and 
BS-T, 

Lanatoside B 

80 

Intravenous 

12 days 

Yes 


Digitoxin 

SO 

Intravenous 

12 days 

No 

Increased height of 
T„ T„ and T, 

Tincture 

digitalis 

SO 

Intravenous 

12 da3’s 


Elevation of ES-T, and 
KS-T, 

Digifortis 

SO 

Oral 

13 days 

Yes 

Elevation of RS-T, and 
ES-T. 

Lanatoside A 

80 

Intravenous 

14 days 

Yes 

Elevation of RS-T, anu 
ES^T. 

Digalen 

SO 

Intravenous 

14 days 

Yes 

Elevation of J<<S-i„ 
RS-T., and RS-T, 
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Tawa: IIT— Con-t’J) 


DUCG nSED 

jjo.sk, 
rnu CENT 

or 

MINI-VAJi 

lArru.M. 

ijosr. 

MCTJIOl) OP 

AOMIKESTKA- 

TION 

DUUATiO.V 

or 

nxrr.iii- 

ment 

^ JII.STO- 
EOfllC 
CIIANOE 
IN 

MYO- 

CAUmOM 

i MOST VnOMINKNT 

! CTIANflK.S OltSKHVKI) I.N 
i:.S-T ANP T 

I.!iii:itopi<lo A 

SO 

Intravenous 

1 

10 days 

Vos 

i;ievutiou of H.S-T, nnd 
KS T, 

IVig-.ili'n 

so 

Intravenous 

1 

17 days 

! 

Yes 

i 

Covc-plnne, negative T, 
find T.; dijdinsie. T, 

I.tinutosidc A 

; so 

Intravenous 

21 days 

No 

Neentive T, 

t.iiiiiUosidc A 

1 so 

Intravenous 

22 days 

Ves 

Elevation of K-S-T, and 
ItS-T.; ncKUtive T, 
became po.sitive 

Digalon 

so 

- 

Intravenous 

21 day.s 

Ves 

Elevation of ll-S-T, and 
ES-T, 


so 

Intravenous 


Yes 


l.niintopide A 

so 

Intravenous 

20 day.s 

1 

Ves 

Elevntion of KR-T, and 
ES-T. : normnl elec- 
trocardiopn'am w li e 11 
killed 

Pigalpn 

■ 

Intravenous 

^ Intravenous 

■12 day.s j 

Yes 

Dopro.osion of E.S-T,, 
ES-T., nnd ES-T,; 
then elevation of 
ES-T, nnd RS-T, 

Dignlen 

so 1 


fiO days 

No 

NoRative T, 


we arc dealing with toxic doses of digitalis and not with so-called tlicr- 
apenlic doses. 

Table III suminarizc.s the observations on the animals of Group A,. 
The following are the various changes in the 1?S-T segments and T waves 
(Fig. 1 ) in more than 000 clcctroeardiogra?ns (eacli with tlirce leads) 
after different toxic amounts of digitalis had been administered as 
single doses: ( 1 ) no significant change; ( 2 ) positive T^, changed to 
negative P,.,; (3) decrease in height of T wave in one or more leads; (4) 
increase in height of T wiivc in one oi' more leads; (a) depre.ssion of the 
IlS-T .segment in one or more leads (G) covc-])lane, tiegative Tj and T,, 
with positive or diphasic T,; (7) covc-]danc, negative Tj and* positive 
To and Tj; (8) elevation of IhS-T, and KS-To; (0) elevation of ItS-T» 
and FS-Tj; (10) elevation of IlS-T .segment in all leads. 

The ^ollo^\ing is an analysis of each of these electrocardiographic 
patterns in relation to the ])rosencc or absence of histologic changes in 
the mycardium. 

itiyocardial lesions were not found, as a rule, when thej-c were no 
significant changes in the electrocardiograms. However, in one case 
myocardial lesions were ]n-oscnt, but daily electrocardiograms failed 
to show any abnormality. 

When a negative T 3 or a change in tJie liciglit of llie T wave con- 
stituted the only significant electroeardiograjihic abnormality, tliere 
was no demonstrable evidence of morphologic change in tlic mvoeardium 
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The familiar depression of the RS-T segment (Figs. 1/ and g and 2) 
in one or more leads was not associated ndth demonstrable liistologic 
changes. If, however, this pattern was replaced by one in whieli the 
ES-T segment was elevated in two or more leads, myocardial lesions 
were observed. 



a h c d e 



Fig. 1. — Electrocardiograms (ail Lead II) selected to show the various t.vpes of 
changes which were observed after administration of toxic doses of digitalis; n, con- 
trol; &, decrease in height of T wave (one or more leads) ; c, increase in height of 
T wave (one or more leads) ; d, slight elevation of RS-T segment (one or more 
leads) : Sj simple inversion of T wave (one or more leads, usually in Lead III) ; 
/, bowl-t^-pe of depi-ession of the RS-T segment (one or more leads) ; ff, angalatcd 
tjue of depression of RS-T segment (one or more leads) ; 7i, initial portion of RS-T 
segment above isoelectric po.sition and terminal portion below isoelectric line ; transi- 
tion between p.and i (one or more leads) ; i, plateau type of elevation of RS-T seg- 
ment (one or more leads) ; j, cove-plane, negative T wave (Leads I and n or Leads 
II and ni). 





Lead HI 


I 



rr. 


Fig. 2.— On the left, control electrocardiogram ; on the right. ‘J^pmssion 
RS-T segment after administration of a toxic dose of digital).,. - . 
were not associated with this pattern. 
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We observed several eleelrocardiofirapliie palierns whicli were usually 
associated with myocardial ln.stologic chaufies. Tlie iollowiupj is a list of 
tliese palterjis: (1) elevation of RS-Tj and RS-T^; (2) elevation of 
RS-T. and RS-T,,; (3) elevation of RS-T„ RS-T.,, and RS-T,; (4) 
XjosiliA’c Ti and cove-plane, negative and T,, ; (5) (;ove-])Iane, ncf>a- 
tivc Ti and positive T,. and T-. 

It is important to point out that the elevation of the RS-T .segment 
must show certain cliaraeterislics if the foregoing statement is to l)c 
valid. Elevation of the segment must persist one to three days, and 
the segment must take off high on the R wave, pass along more or less 
horizontally, and then grade into the T wave, almost (;om])letcly ob- 
literating the ascending limb of the latter (P'igs. I? and 3). If the 
elevated segment exhibited a high take-off from the R wave but, was 
followed by a distinct ascending limb of the T wave (Pig. Id), myo- 
cardial lesions were seldom found; this pattei'n is usually transitory, 
and, in some eases, may be as.soeialed Avitli metabolic changes in the 
myocardium which, if they ])crsi.sted long enough, could be ])recursoi’s 
of anatomic changes.’’ 




Pigr. 3. — On the left, control 
tion of nS-Ti and RS-Tj. 


electrocardloRrani : on the riclit. ‘'plateau t.vpe” of cleva- 
Jlyocardlal Ic.sions •were as.^oclated with tliis pattern. 


Altbougli, in tliese experiments, simple negativity of T3 was not ac- 
companied liy myocardial lesions, eove-planc negativity of T„ and T. 
wa.s usuallj associated with histologic changes in the myoeai’diiim (Pig. 

Again, tliis pattern must persist one to three days to make this 
statement valid. 

The eove-plane, negative T, and positive T,, pattern was oiiserved 
definitely only once, and occurred in an animal which liad histolo^^ic 
lesions in the myocardium, 
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One might wonder Avhether elevation of the RS-T segment in all 
leads was associated with acute exudative pericarditis. Animals in 
which this electrocardiographic pattern was observed did not show 
any gross signs of pericarditis. Subepicardial lesions might aceovmt 
for the electrocardiographic changes but specific investigations were not 
made to answer this question with certainty. 



Figr. 4. — On the left, control electrocardiogram; on the right, cove-plane, negative T: 
and Ti. Myocardial lesions were associated with this pattern. 

It should be emphasized that the changes in the BS-T segment and T 
wave recorded in Table III represent the most prominent alterations 
that were observed in the series of daily electrocardiograms on each 
animal. The contents of the table were simplified by eliminating com- 
ments on changes which were perhaps of minor importance for the 
solution of our problem (sinus tachycardia, sinus bradycardia, sinus 
arrhythmia, pai’tial and complete heart block, ventricular premature 
contractions, coupling of beats, ventricular tachycardia, ventricular 
fibrillation, changes in the height and direction of the P wave, changes 
in the QRS complex, minor changes in the height of the T wave, and 
changes in the P-R and Q-T intervals). It could not be shown that 
these electrocardiographic alterations gave any clues to the presence 
or absence of demonstrable morphologic changes in the myocardium. A 
toxic dose of digitalis maj’' produce all or any one of the foregoing 
changes within the course of a few hours, and even cause the death 
of the animal; ^mt no demonstrable myocardial lesions can be found. 
On the contrary, these eleetrocai’diographic changes may be obseived 
at various times during the course of daily observations on animals 
which have received toxic doses of digitalis. For example, complete 
heart block or ventricular fibrillation may develop one hour after the 
administration of a single toxic dose of digitalis, but there may mot be 
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any demonstrable anatomic changes in the myocardium, or these two 
disturbances of rhythm may develop ten days after a single toxic dose 
of digitalis and there may be ample histologic evidence of changes in 
the myocardium. Therefore, it was necessary to rely on eliangcs in 
the RS-T segment and T wave, rather than on any of the numerous 
clcctrocardiograpliic alterations listed in the former part of this pai'a- 
graph, to give us hints about the histologic status of the myocardium 
after the administration of toxic doses of digitalis. 

Before concluding our remarks on the electrocardiographic altei’ations 
produced l)y digitalis, it is of interest that the changes in the RS-T 
segment and T wave indicated in Table III did not pei'sist indefinitely. 
The electrocardiogram frcfjuontly was observed to have returned to 
noimial in those animals which were killed approximately between the 
tenth and twentieth day after the toxic dose of digitalis had been 
administered, although histologic evidence of inflammation was still 
present in the myocardial lesions, in which fibroblastic proliferation 
was beginning. Furthermore, the electrocardiogram had become entirely 
normal in all the animals in which the myocardial lesions were shown 
by micro.scopic examination to have healed. 

The time of observation after the administration of any given toxic 
dose of digitalis is important in correlating the electrocardiographic 
changes vnth the histologic structure of the myocardium. A study of 
the limited amount of data included in Table III indicates the sig- 
nificance of this interval. If the animal had received a given toxic dose 
of digitalis and had been killed (or had died spontaneously) before 
sufficient time had elapsed for demonstrable histologic changes to de- 
velop, the electrocardiographic observations were different from those 
on animals which had been permitted to survive long enough for myo- 
cardial lesions to devclo]). Furfhcrmoi-c, if the interval was selected 
properly, the electrocardiogram might have returned to normal, al- 
though healing lesions, with active inflammatory components, were pres- 
ent in the myocardium. Finally, if the tracings were taken during the 
stage in which myocardial scars Avere present, the electrocardiogram 
was normal and there Avas no evidence in the tracing that the myocar- 
dium AA’as filled AA’ith focalized zones of fibrosis. 

Now let us turn to a consideration of the cleclroeardiographic changes 
in Group Bj, that is, in those animals AA-hich Avere digitalized Avith cal- 
culated therapeutic amounts of digitalis and then Averc given daily doses 
of digitalis in the estimated toxic range (daily doses to correspond to 
3 , 4 , 5.5, or 6 oat units; the body Avcight of the cat, in kilograms, and the 
weight of a 70-kiIogram man Avere taken as the basis for these calcula- 
tions). Group Bj (Table IV) AA’as composed of thirteen eats on AAdiich 
more than 250 electrocardiograms (each Avith three leads) Avere made. 
As in the foregoing Group A„ it Avas found that elevation of the RS-T 
segments and cove-plane, negatiA'o T Avaves in Leads II and III Avere 
associated with myocardial lesions Avhen these electrocardiographic 
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changes persisted one to several days. Depression of the RS-T seg- 
ment was nnassociated with myocardial lesions. 

Table IV 

CORRELATION OF DOSAGE OF DIGITALIS, DURATION OF THE EXPERIMENT IIlSTOIOCK' 

Studies of the Mvocardium, and the Most Prominent Changes’ in the* ' 
BS-T Segjient and T Wave 

The animals vere digitalized ndtli a therapeutic dose (30 per cent of mininnl 
lethal dose), and were then given daily quantities of digitalis estimated to corre- 
spond to 3, 4, 5.5, and 6 cat units daily for a man weighing 70 hg. 


Group B, 


DRUG USED 

EQUIVA- 

LENT 

DAILY 

MAIN- 

TENANCE 

DOSE, 

CAT 

UNITS 

METHOD OP 

ADMINISTRA- 

TION 

DURATION 

OF 

EXPERI- 

MENT, 

DAYS 

HISTO- 

LOGIC 

CHANGES 

IN 

heart 

MOST PROMINENT 
CHANGE OBSERVED IN 
RS-T AND T 

Digitoxin 

3 

Intravenous 

5 

Yes 

Elevation of ES-T, and 
ES-T, 

Digifortis 

3 

Oral 

11 

Yes 

Elevation of ES-T„ 
RS-T„, EB-T, 

Tincture 

digitalis 

3 

Intravenous 

13 

Yes 

Elevation of E-S-T, ami 
ES-T, 


3 

Intravenous 

14 

No 

Depression of ES-T„ 
RS-T„ ES-T, 

Tincture 

digitalis 

3 

Intravenous 

IS 

1 

No 

Very slight elevation 
of‘E.S-T, and BS-T, 

Lanatoside A 

3 

Intravenous 

25 

Yes 

1 

Elevation of BS-T. and 
ES-T, 

Lanatoside A 

3 

Intravenous 

30 

Yes 


Digiglusin 

4 

Intravenous 

7 

Yes 

Cove-plane, negative 

T, and T, 

Digifortis 

4 

Oral 

14 

Yes 

Initial elevation and 
final depression of 
each ES-T segment in 
all leads 

Digifortis 

4 

Oral 

19 

Yes 

No significant change _ 

Digifortis 

4 

Oral 

30 

mm 

Insufficient number ol 
tracings 

Lanatoside A 

0,5 

Intravenous 

30 

Yes 

Cove-plane, negative 

T, and T, 

Digifortis 

6 

Oral 

30 

Yes 

Elevation of ES-T, and 
ES-T, ' . 


In one ease, on the day on which the animal was killed the electro- 
cardiog’ram showed an initial elevation and a terminal depression^ of 
each RS-T segment. That is, the segment began well above the iso- 
electric position and terminated tvell below it (Fig. Ih). This pattern 
was present in all leads. The myocardinm of this animal was fonnd 
lo have I’ecent degenerative lesions. This electrocardiographic patlcin 
was observed several times in animals in group A,; it represents a 
transitional stage between the depressed RS-T segment typo (Fig. Iff) 
and the elevated RS-T segment tj^e (Pig. D')- 
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One animal in Group Bj was found to have hislolo-iic changes in the 
myocardium, but- no significant alterations were observed in any of the 
daily elect rocardiograms. 

COMMKN’T 

The remarks made in the preceding ])apev’ regarding the sources of 
error in the dosage of digitalis apply, of course, to these studies t»n the 
elcclrocardiograi)hic changes after various amounts of tlie drug had 
been administered. 

The elect rocardiograifiiic changes were variable, and there was a 
tendency for the tracing to revert to normal. It is likely that we may 
have missed some of the significant changes, foi' we made our electro- 
cardiograms only once a day in the more prolonged exiicrimeuts. 

11 .sliould be ke])l in 7nind that the eleetroeardiograi)liic changes 
which were dcsci'ibed as indications of myocardial lesions were ])ro- 
duced by doses of digitalis timt were definitely toxic. 

It should be pointed out that the electrocardiogram may be normal 
even though healing lesions, with histologic evidence of active infiannna- 
fion, .still pei-sist in the heart. Therefore, the time at which the trac- 
ing is made is imjiortant. 

The position of the animal must bo defined if the elect i-ocardiogra])hie 
eliangc.s are to mean anything. For example, an animal treated uith 
digitalis may have an elevated KS-T segment in Lead I and an iso- 
electric RS-T segment in Lead III while it lies on its right side, but 
thc.se changes arc reversed if the animal lies on its left side; that is. 
the RS-T segment becomes isoelectric in Lead I and elevated in Lead 
III. 

Care was taken to avoid the technical errors which Avould rc-sult from 
incorrect standardization and jmor contact between the animal’s skin 
and the electrodes. 

SPMMAKV 

Calculated therapeutic amounts (20 or dO i)er cent of minimal lethal 
dose) of digitalis, in single doses, or in divided doses over a period of 
forty-eight hours, jiroduced the following types of R.S-T segment and 
T-wave changes; (1) No significant change; (2) positive T„ changed to 
negative T;,; (3) negative T- changed to jmsitive T„; (4) decrease of 
height of T wave in one or more leads; (;7) increase of height of T wave 
in one or more leads. 

Similai- electrocardiographic. i)atterns were noted when animals were 
digitalizcd rapidly with a calculated thera))eutic dose of digitalis and 
then wei-e given daily doses which were estimated to bo e(iuivalcut to 
1 or 2 cat unit.s a day for a ^O-kilograin man. 'I’hc eleetrocardiograjihic 
studie-s were made during experiments which lasted from six to fifty-six 
day.s. 

Myocardial lesions wci-e not observed iji any of these two groups of 
animals. 
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In our experiments there were no constant changes in tlie RS-T 
segment or T wave which could be taken as a reliable index to the 
presence of a calculated therapeutic amount of digitalis. Tlie cardiac 
rate was also unreliable; a therapeutic dose of digitalis produced an 
increase, decrease, or no change in the cardiac rate over a period of days. 

Toxic amounts of digitalis, when administered in single doses (40 to 
80 per cent of the minimal lethal dose), or when given daily to digi- 
talized animals in an amount which corresponded to 3,4, 5.5, or 6 cat 
units for a 70-kilogram man, produced the following electroeardiograpluc 
alterations; (1) no significant change; (2) positive Tg changed to nega- 
tive Tg; (3) decrease of height of T wave in one or more leads; (4) 
increase of height of T wave in one or more leads; (5) depression of 
the RS-T segment in one or more leads; (6) change in the RS-T seg- 
ment, the initial portion of which began above the isoelectric position 
and the terminal portion of which ended below the isoelectric line; (7) 
elevation of the RS-T segment ('‘plateau type”) in one or more leads; 
(8) cove-plane, negative Tj and Tg, with positive T^; (9) cove-plane, 
negative T^ and positive T, and Tg. 

Changes (1) to (5), inclusive, were usually not associated with myo- 
cardial lesions, whereas patterns (6) to (9) were associated with myo- 
cardial lesions produced by digitalis. 

Two animals that had microscopic evidence of myocardial lesions 
failed to show any significant changes in the daily electroeardiogi’ams. 

The electrocardiogram returned to normal in all animals which did 
not die spontaneously or were not killed for experimental reasons. 

The electrocardiograms returned to normal while microscopic evi- 
dence of active inflammation persisted in the myocardium. 

The electrocardiogram was normal in those animals in which the 
myocardial lesions had healed (focalized zones of fibrosis). 
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THE VASOCONSTRICTOR AND ANGIOTONIN-NEUTRALIZING 
PROPERTIES OF RENAL VENOUS PLASMA 

Harry Weinstein, M.D., Meyer Friedman, M.D., H. L. Newman, A.B., 

AND Jerome Sug^uiman, M.D. 

San Francisco, Caltf. 

INTRODUCTION 

LT OUSSAY and Taqnini,’- ^ usin^ the La wen -Trendelenburg perfusion 
technique in the toad, demonstrated that the venous blood from the 
ischemic kidneys of dogs rendered hypertensive by constriction of the 
renal arteries contained a strong vasoconstrictor substance Avhich ivas 
not present in the plasma obtained from venous blood of normal kidneys 
or in the plasma from sj’^stemie blood. Blood plasma from other organs 
to Avhich the arterial supply had been partially reduced did not con- 
tain such a rmsoconstrictor substance. Taquini®’ * and Prinzmetal and 
his associates® also found a marked vasoeonstrietor or pressor sulistance 
in the imnous blood from kidneys ivhich had been completely ischemic 
for five to seven hours. 

Numerous investigators®'^® have demonstrated that acute constriction 
of the renal arterj’- of a few minutes’ duration is sufficient to produce a 
pressor substance in the venous blood of previously lioi’mal kidneys. 
Page and HelmeF^ were able to isolate a crystalline substance (angio- 
tonin) from the interaction of renin and blood plasma Avhieh they be- 
lieved was the effectiim pressor agent in the blood of hypertensive 
animals. Braun-klenendez and his as.sociates® have also described a 
pressor substance which appears to be identical with angiotonin. These 
investigators discovered also that this pressor substance could be neu- 
tralized by normal Wood plasma. It was later found^® that tliis neutral- 
izing effect Avas diminished in blood from a kidney in AAdiich the arterial 
floAv and pressure had been greatly reduced, as compared Avith that of 
blood from a systemic artery. 

In the present communication Ave report the results of a study of the 
venous blood plasma from kidnej’-s in Ai’^hich the arterial pressure and 
floAv had been markedly reduced Avith respect to ( 1 ) its A’^asoconstrictor 
properties and (2) its content of angiotonin neutralizer. 


METHOD.S 


The LaAven-Trendelenburg perfusion technique was employed, using the Cali- 
fornia toad, mifo boreas l-alophihts, as the test animal. Briefly, the method con- 
sisted of perfusing a toad under constant pressure, first with Ringer's solution 
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containing 0.5 per cent sodium citrate, and then with the test solution, .the basic 
portion of which was also Ringer’s .solution containing 0.5 per cent citrate. The 
toad was perfused with the control Ringer's solution until a constant perfusion 
rate was obtained, and then the test solution was allowed to run into the prepara- 
tion. The drops flowing from the toad preparation during the control and the 
test period wore counted. The decrease in the number of drops during perfusion 
with test solution, divided by the rate of the control perfusate, was recorded, and 
this percentage figure was used to express the activity or relative potency of the 
test substance as a vasoconstrictor. 

Blood was collected from a lcidne 3 ’ in which the arterial blood pressure and 
blood flow were markedly reduced, at a rate of a to 10 c.c. per minute over a 
fifteen- to thirty-minute period, from normal, anesthetized (pentobarbital sodium), 
heparinized dogs by a method previously described.m The blood flow through the 
kidney in those experiments was reduced approximately 90 to 95 per cent, and 
the renal arterial pressure was also markedly reduced. Bor control purposes, blood 
was also obtained from the brachial or jugular veins, and from the renal veins 
of normal kidneys. In all instances heparin was used as the anticoagulant, and 
the plasma obtained bj' centrifugation was fiicn diluted with Ringer's solution 
containing 0.5 per cent citrate. 

The following abbreviations will be used in the ensuing text to designate the 
various types of plasma: 

1. D.K.P. — Venous blood plasma from a kidney in which arterial pressure and 

blood flow were markedlj- reduced. 

2. N.K.P. — Venous blood plasma from a normal kidney. 

3. N.V.P, — Normal, systemic, venous blood plasma. 

Table I 


The Vasoconstrictor Effect of N.V.P. and D.K.P. 


EXP. 

NO. 

CHANGE IN RATE OP OUTFLOW (PER CENT) 

PERFUSION WnTir D.K.P. 1 

1 (12.5 C.C.)* 1 

PERFUSION WITH N.V.P. 

(12.5 C.C.)* 

1 

-50 

-63 

2 

-70 

+.19 

3 


-IS 

4 

-79 


5 

-SO 

-39 

6 

-74 


7 

-04 


s : 

-SO 


9 

-30 

-33 

10 

-00 

- 6 

11 

-00 


12 

-80 

-11 

13 


-11 

14 

-77 

-29 

15 

“70 

-20 

Av. 

-09 

-26 


'Diluted with Ringer’s solution to 100 c.c. 


KEiSULTS 


A. The Vasoconstrictor Effect of D.K.P , — Thirteen different samples 
of D.K.P. were diluted with Ringer’s .solution in the ratio of 12.5 c.c. 
of D.K.P. to 87.5 c.c. of Ringer’s, or 1 part of D.K.P. to 8 parts of the 
total solution. When these D.K.P.-Ringer solutions were tested on the 
Lawcn-Trendelenburg toad preparation (See Table I), employing a 
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fifteen-minute perfusion period, an average decrease of 69 i)er cent in 
rate of outflow was obseiwed. Ten different samples of normal, systemic, 
venous blood plasma (N.Y.P.), similarly diluted mth Ringer’s solution 
and perfused through the Lawen-Trendelenburg toad preparation, 
caused an average decrease in rate of flow of only 26 per cent. It is 
concluded, therefore, that D.K.P. possesses a significantly greater vaso- 
constrictor effect than does N.II.P, 

B . — The Arngiotoniii Neutralizing Content of D.K.P . — ^In a previous 
report,^^ the limited ability of D.K.P. to neutralize the pressor properly 
of angiotonin, as compared uith that of normal, systemic, arterial blood 
plasma, was noted. It was thought desirable, also, to ascertain whether 
D.K.P. was similarly deficient in ability to neutralize the vasocon- 
strictor property of angiotonin, as compared ivith N.K.P. For tliis 
purpose, angiotonin^ solution, as well as samples of D.K.P. and N.K.P. 
from thirteen normal dogs, Avas obtained, and the following mixtui'es 
were prepared: 

1. 0.025 c.c. angiotonin (control). 

2. 0.5 c.c. D.K.P. (control). 

3. 0.025 c.c. angiotonin plus 0.5 c.c. of D.K.P. 

4. 0.025 c.c. angiotonin plus 0.5 c.c. of N.K.P, 

5. 0.025 c.c. angiotonin plus 0.2 c.c. of D.K.P. 

6. 0.025 c.c. angiotonin plus 0.2 c.c. of N.K.P, 

These mixtures Avere incubated for one hour at 38° C., then diluted to 

100 c.c. in Ringer’s solution containing 0.5 per cent citrate, and per- 
fused through the Lawen-Trendelenburg toad preparation for a five- 
minute period. 

Table H 

The Neutkaeizatiok of Augiotonin by N.K.P. and I).K.P. 




CHANGE 

IN RATE OF OUTFLOW (PER CENT) 





PERFUSION 

PERFUSION 

PERFUSION 

PEP.FUS10N 

EXP. 

NO. 

PEP.FUSION 

WITH 

ANGIOTONIN 
(0.025 C.C.)* 

FEF.FCSION 
WITH D.K.P. 
(0.5 C.C.)* 

WITH N.K.F. 

(0.5 c.c.) 

PLUS 

ANGIOTONIN 

(0.025 C.C.)* 

WITH D.K.F. 
(0.5 C.C.) 
PLUS 

ANGIOTONIN 

(0.025 C.C.)* 

WITH N.K.P. 
(0.2 C.C.) 
PLUS 

ANGIOTONIN 

(0.025 C.C.)* 

WITH D.K.P. 

(0.2 c.c.) 

PLUS 

angiotonin 
(0.025 o.c.)* 

lb 

2b 

3b 

4b 

5b 

6b 

7b 

Sb 

9b 

Iflb 

11b 

12b 

13b 

-73 

-66 

-76 

-70 

-61 

-70 

-23 
+ 6 

- 9 

- 3 

- 3 

+ 4: 

-26 

-21 

- 7 
-14 

- 5 
~ S 
+ 8 
+ 2 

- 5 
-15 

- 2 
- 8 

- 9 
-A9 
—54 
-21 
-44 
-34 
-48 
-23 
-28 
-19 
-41 
-20 
-22 

-23 
-38 
-21 
-40 
-28 
-23 
+ 2 
-21 
-13 
-21 
-26 
- 8 

-49 

-67 

-55 

-49 

-44 

-52 

-28 

-34 

-19 

-49 

-24 

-34 

Av, 

-69 

- 6 

- 7 

-32 

-22 n 

-42 


•Diluted -with Ringer’s solution to 100 c.c. 


•We are indebted to Ir^’ine H. Page for the angiotonin solution used in ti.e.cc ex 
periments. 
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Examination of the results (Table II) reveals that, whereas angiotonin 
alone, in the dilution used, effected an average decrease of 69 per cent 
in the rate of outflow from the Lawen-Trendelenburg preparation, the 
same quantity of angiotonin, first incubated with normal kidney blood 
plasma, lost almost all of its ability to affect the rate of outflow. How- 
ever, the same quantity of angiotonin, if first incubated with D.K.P,, 
still deci’eased the rate of outflow 32 per cent and 42 per cent, respec- 
tively, depending upon the quantity of D.K.P. used in tlie partial 
neutralization process. Obviously, tliei’efore, D.K.P. did not neutralize 
the vasoconstrictor effect of angiotonin as well as did N.K.P. 

SUMMARY 

Our experiments showed that blood from a kidney in which the 
arterial flow and pressure had been markedly reduced possessed a 
greater vasoconstrictor effect and a lesser ability to neutralize angiotonin 
than did normal kidney blood. 
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ACUTE RHEUMATIC FEVER AND VALVULAR DAjMAGE 

Morton G. Brown/' M.D. 

Boston, Mass. 

TN a NUjMBER of studies^’ of rheumatic fever, it lias been empha- 
^ sized that the age of the patient at the onset of the disease, the nnmbei- 
of attacks, and the character of the illness are important factors in tlic 
development of permanent valvular damage. The concept that factor.s 
inherent in the patient himself may he of equal or greater importance 
has received little attention. The present study is an attempt to evaluate 
the relative importance of the character of the disease, as opposed to the 
eonstitiitional make-up of the patient, in determining the occurrence of 
permanent cardiac damage after rheumatic fever. 

MATERIAL 

The present analysis comprises two liundred fourteen patients with acute 
rheumatic fever who were admitted to the hospital during one or more attacks. 
After the acute attack, they were kept under observation in the outpatient de- 
partment for a period of not less than four years, and for an average period of 
nine years. Most of them were o.xamined personally for the final evaluation of 
their cardiac status. The observations w'ere analyzed ivith , regard to the occur- 
rence or nonoccurrence of permanent cardiac damage in relation to the number 
and severity of attacks of rheumatic fever and the age at the time of the first 
attack. The latter was not considered in detail, but only in regard to puberty, 
the age of puberty was taken as thirteen years. 

OBSERVATION, S 

Ninety-nine patients, or 46 per cent, shotved no clinical evidence of 
heart disease. Plij’^sical examination, the electrocardiogram, the teleo- 
roentgenogram, and fluoroscopic examination were taken into considera- 
tion in arriving at this conclusion. This group is an extension of that, 
previously reported.'* 

One hundred two patients, or 48 per cent, showed evidence of perma- 
nent valvular damage ; adequate follow-up data could not he obtained 
in thirteen eases (6 per cent). 

In the group with heart disease and in the group without heart dis- 
ease, I'heumatic fever appeared in single or multiple attacks before, 
after, or before and aftei', puberty (Table I). The incidence of perma- 
nent cardiac damage after multiple attacks was not higher than aftei 
single attacks in either the prepuberty or the postpuberty groups. Al- 
though the average age of the patients without heart disease (34. < 
years) was slightly higher than that of those with heart disease (14.0 
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years), an analysis oi Table I, in relation to puberty, reveals that ad- 
vancing age was no bar to eitber recuvvcnces of rheumatic fever or 
the development of heart disease, and that the incidence of heart dis- 
ease in the older group was the same as in the younger. 


Tabi.e I 

Acutk Rueumatic Feveu 
214 Ca-ses 


ONSET 

NO HEART 
m.SEASE 

' HEART 

DISEASE 

NO EOI,I,OW-im 

NO. 

1 % 

; NO. 

% 

xo. 

% 

Single nttaclis before puberty 

30 

14 

11 

5 



Multiple attacks before puberty 

17 

8 

18 

8 



Multiple attacks before and ! 

11- 

5 

32 1 

15 



after puberty 



1 




vSinglo attacks after puberty 

29 

14 

22 

10 

j 


Multiple attacks after puberty 

12 

5 

19 

10 



Total 

99 

4C 

102 

48 

13 

c 


There were no discernible differences in the clinical characteristics 
of the rheumatic fever as far as the tAvo groups were concerned. The 
severity and the duration of the disease, the electrocardiographic 
changes, and the incidence of pericarditis ivere similar. 

Patients Avho shoAv no permanent cardiac damage after the first at- 
tack of rheumatic fever are likely to escape permanent injury despite 
further attacks. Contrariivise, Avhen patients developed heart disease, 
all of the valvular damage was evident after the first attack (Table IT). 
The only relatively common exception was the late appearance of 
aortic stenosis. 

Tabu; II 

Ai'j-e.vi’.ance of IIeaut Disease in Rkeation to Att.vcks of Rheumatic Ff.vei; 

102 Cases 



NUMRER OK CASES 

PERCENTAOE 

After first attack 

52 

51 

At second attack 

10 

16 

Before first known attack 

18 

17 

Not known 

16 ' 

30 


Died of rheumatic fever, 11 patients 

Died of suhacutc hnctcrial endocarditis, 3 patients 


It is also to be noted that' in the group with heart disease there tvere 
eleven deaths from acute rheumatic fever and three deaths from .suit- 
acute bacterial endocarditis. No patient without evidence of A’alvular 
deformity died of acute rheumatic fever or bacterial endocarditis. 

COMMENT 

We have already called attention to the fact that the character of the 
iheumatic fever among the patients who recovered "without permanent 
heart disease was no different from that among others. In this study we 
have shown that recurrences are equally frequent in both groups, and 
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do not bring about a liiglier incidence of heart disease. The age of 
the patient at the time of single or multiple attacks had nothing to do 
with the development of heart disease. 

The fact that patients who show no permanent cardiac damage after 
the first attack of rheumatic fever are likely to escape it entirely lias 
been observed before.^’ ® The apparent exception to this rule in the 
case of patients who develop aortic stenosis many years after an at- 
tack of rheumatic fever may be explained by the manner in Avhich this 
lesion develops. 

The fact that only patients with demonstrable vahmlar disease die 
of acute rheumatic fever or bacterial endocarditis is important prog- 
nostieally, and has already been pointed out by others.® It Avould thus 
appear that the life history of the disease is determined by the patient, 
and not by the severity, frequency, or character of the acute rheumatic 
attacks. It is impossible to state whether this represents an instance 
of specific resistance on the part of the heart, or Avhethcr there is a 
general immunologic reaction which alters the effect of rheumatic 
fever on the heart. It seems that the immunity of the host must play 
an important role, inasmuch as the patient Avho develops heart disease 
is the patient who may die of rheumatic fever, and the person Avho 
can resist the development of valvular damage does not die of rheu- 
matic fever. 

CONCLUSIONS 

1. There is no relationship betiveen the character of rheumatic fever, 
the number of recurrences, and the age of the patient at onset, oil the 
one hand, and tlie development of cardiac damage, on the other hand. 

2. Patients who develop valvular damage usually do so after the first 
attack of rheumatic fever. 

3. The patient’s immunity or resistance is the important factor in 
determining vAdiether or not permanent valvular damage will develop. 
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RECUREENT LARYNGEAL NERVE PALSY IN :\IITRAL 

STENOSIS 


Sajujki, Ai-pkrt, !M.D. 

Bhokx, N. Y. 

O ECURRENT laryiifreal nerve palsy is a relatively inieoimTioii eo?i)- 
* ^ j)lication of mitral stenosis. In .s])ilo of the very hicid analomie 
explanation of this phenomenon 1)y Eetterolf and Noi'ris,’ in 1911, there 
are still many -who harbor the erroneous imprc.ssion that the lesion i.s 
caused by direct, compression by an enlarged left axiricle. Tliese autliors 
demonstrated that the dilatation of the left auricle and pulmonary ves- 
sels wliich results from mitral stenosis causes a crowding of tlie medias- 
tinal structures at the ba.se of the heart. The dilated left superior ])ul- 
monaiy arteiy is literally pushed up against, the nerve a.s it nins be- 
tween this vessel and the aorta in the region of the ligamentum artc- 
riasum. They made the additional observation that the function of the 
nen’c Avas not always abolished by actual dcstimetiojA from prc.ssure, 
but that the same amount of functional disturbance might arise from a 
neuritis consequent upon a degree of compression not. sutTicicnt to de- 
stroy the vitality of the nerve. King and his collaboratons," in a very 
intcrasting paper, discussed i‘eeur)-ent laryngeal nerve ])al.sy in cases of 
left ventricular failure and in the ab.sence of mitral stenosis. They 
pointed out that failure of the left ventricle increases the prc.ssure in 
the pulmonary circuit. This causes dilatation of the left sn])crior pul- 
monary artery, Avhich is rcsiionsiblc for com])re.ssion of the neiwc. 

The following ca.se rc-empha.sizes tbe.so points in dramatic fa.shion. 


CASK KKPOKT 

The pulicnt was u 45-ycar-oI(l Scotdi woman; she wa.s admitted to tlie Medical 
Sen-ice of Lincoln Hospital on Jan. 19, 19,17, because of mildly active rlieumatic 
lic.-irt disease. Slio ;aive a liislory of cardiac disease of ten yoar.s' duration, during 
wJiicIi period slic Iiad noted increasing dyspnea on ntTort,' and lind experienced 
recurrent attacks of imoneliitis and occasional lieinnpty.sis. Three vears earlier 
she had had a complete, riglit-sidcd liemiplegia, from 'which recoverv wa.s pra<;- 
tmally complete. In the preceding two years hor voice had become ' incrcasinglv 
hoarsc, and this disability had been as.sociatod Avith dy.splmgia of moderate severity. 

Physical examination revealed a poorly nourished woman wlio was slightly dvsp- 
neic and cyanotic. She was unable to speak above a whisper. There were indica- 
tions of very marked enlargement of the heart. At the apex there was a rumbling 
pre^hc murmur, and a blowing diastobc murmur was beard over the aortic area. 
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Fig. 1. Teleoroentgenograni of cliest, showing considerable enlargement of ctircliao 
Silhouette, with unusual prominence in region of pulmonic conus. 



Pig. 2 . — Loft oblique anterior view, showing increased density of shadow cast bj 
pulmonary artery beneath arch of aorta. The angle of bifurcation of the trachea 
remains unaltered, indicating absence of vertical enlargement of the left atiricic. 
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The lioartboat was irit'{;;iilar. llcsidnal oviilonro of <lio old liotntiilcfjia itoiisistod of 
oxagRPratod rt-llo-ws and ankle elomis on llie right aide. Examination of the larynx 
rovcalrd adductor paralysis of the loft, vocal cord. Eluoroscopic, and radiograjihic, 
.studies (Fig.s. 3, i’>) revealed pronounced enlargeateiit in region of tin.' onttlow 

tract of the right ventricle, hut no significant enlargement of the left auricle, either 
in a horizontal or vertical direction, The electrocardiogram shontal mtirkod right 
axis deviation and auricular filirillation. 

The patient had fever occasionally, n.sually asso<dated with pain in the chest and 
exacerbation of the cough; tlic.^o symptom.s were variously interpreted a.s due to 
mild attacks of bronchopneumonia and jmlmonary infarctions. After a prolonged 
.«tav in the hnsjutal she was ituproved, and went home. However, she wa.s com- 
pelled to return one week later becan.'^e of increasing dyspnea and cough. Tliis 
time her npjnirently favorable cour.se was terminated rather suddenly by an ncutt' 
imlmonary attack to which she succund)ed. 



l-ifc'. 3 — IliKlit oblifiuo anterior view, .sliowlnR tlic .slrlklnfr prominence of tlie pul- 
monic conu.s, and a barimn-niled o.sophafm.s pur.suinfr a relntlvelv .straiglit coui-.se, In- 
dicating no enlarpemont of the left .auricle in a liorizontal direcl’lon. 

AiitopAij . — The hejirf weighed -loO gram.s, and pre.sejited evidence of damage to 
both mitral and aortic Icatlots. Tltc mitral orifice showed marked stenosis. The 
loft auricle was not much dilated, but the wall of this chamber showed distinct 
hypertropliy. The pulmonary artery and its major branches showed enormous 
dilatation. Both the intiin .stein and the left braiieh e.xceedcd the aortti in circum- 
ference. The left recurrent laryngeal nerve wa.s found in its usual situation be- 
tween the aorta and the loft pulmonary artery. Grossly, it appeared nornml, with 
no evidence of compres.sion. Microscopic examination, however, rovo.alcd advanced 
myelin degeneration. The left vocal cord wa.s atrophic. Tho lungs .showed evidence 
of marked chronic passive congestion and were the seat of hronchopnoumoniu. 
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COMMENT 

The syndrome of pulmonary hypertension resulting from mitral steno- 
sis, M^hieh this patient had, is Avell loioum. The constant dyspnea, re- 
peated attacks of bronchitis, pulmonary infarction, right axis devia- 
tion, and, fina%, bronchopneumonia, are all clinical expressions of 
increased tension in the pulmonary circuit. Also, the enlargement of 
the left superior pulmonary artery, which causes the compression of 
the left recurrent larjuigeal neiwe, represents the effect of tliis hjqrer- 
tension on the lesser circulation. It is important to note that the left 
auricle was not demonstrably enlarged, and therefore could not have 
compressed the nerve. The reason for the failure of the auricle to 
dilate is not clear. Whatever the cause may be, it appeal’s that the pul- 
monary^ vascular system compensated for it by excessive dilatation. 
Another feature of interest was the absence of gross evidence of com- 
pression of the nerve, although, microscopically, there was ample evi- 
dence of a degenerative change comparable to the so-called neuritis de- 
scribed by Petterolf and Nori'is.^ 

SUMAIABY 

A case of I’ecurrent laryngeal nen^e palsy complicating mitral steno- 
sis is described ; the nerve lesion was associated with marked pulmonary 
hypertension, which gave rise to considerable dilatation of the pul- 
monary artery and its major branches. The left auricle was not ap- 
preciably enlarged, and the suggestion is offered that the marked en- 
largement of the pulmonary vessels compensated for the failure of the 
auricle to dilate. Although there was no gross eviderree of compression 
of the nerwe, microscopic study revealed degenerative changes. 
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PUNCTURE WOUNJ) OP THE LEFT AURICLE, WITH 

taj\iponade anh recovery 

Vkunk S. Cavinkss, iM.D., and ITkxry G- Ti'iinkr, jM.I). 
Ralkioii, N. C. 

T S., a white man, aKed years, became severely intoxicated on the cveniii}; of 
J. Jfay 9, lOi!", en',ni";ed in a street, brawl, and was stabbed in the h'ft side of the 
chest. A i)asslne ])olieo patrol car picked him up and carried iiim to Ite.x llospit.al. 
Tlio chief .surgeon of the hosi)ital (Dr. Turner) wa.s ready to jierforin anollicr 
emergency oiieration. After seeing thi.s patient in the accident ward and recognizing 
the seriousness of the situation, the other operation wa.s delayed so that .T. S. might 
liavc immediate .attention. He wa.s taken to the operating room and liie operation 
was started rvith a minimum of preparation in order to conserve time. 

At that time the patient was in shock and only semiconscious. Ilis skin was cold 
and clammy and he was perspiring freoha lli.s puhso was imperceptible, and his 

blood pres.surc could not be measured. The he.arl rate w.a.s so rajiid that it <'nuld 

not bo counted with a stethoscope. There were at least; two stab wounds in the 
left side of the chest; one was over the seventh rib, and-.anotlier was about an 
inch higher. Both wore in the midclavicular line. A diagnosis of lieart tamponade 
was made. ' . 

When he was put on the operating table, hypodcrmoclysi.s with physiologic saline 
was begun, lie was given a liypodermie in.ieetion of Vi grain of morjiliine and t )-o 

grain of atropine. The anostlietic was other. During tlio ojieralion ,100(1 e.e. of 

10 per cent glucose in physiologic saline were giveu’ intravenously. 

The incision was made at the site of the stab wounds, and the sixth and seventh 
left costal cartilages were resected. The tip of the knife blade was r('moved from 
the seventh loft enslal cartilage. Tbc peric.ardinm was exposed and incised. It was 
lightly filled with blood and blood elot.s. Tlie.^o were removed, and llie .stab wound, 
from which blood was spurting, was located on the lateral aspect of the left auricle. 
The auricular wound was closed with 2(bday, chromic catgut. Tlie iiericardium was 
lightly irrigated with jihysiologic saline solution, and wa.s closed with fine, chromic 
catgut. Tlie loft lung was collapsed, and there wa.s a modenite amount of bloody 
fluid in the chest. The fluid wa.s removed, two small, rubber-lube drains were iu- 
.sorted, and the chest wall wa.s closed in routine manner. During the ojicration the 
pulse rate gradually fell to 120 per minute, and tlie pulse volume became good. 

Wlion ho wa.s returned to liis room, tlic ])ulse rate was 120 per minute ami his 
blood pressure was 52/40. Kccovcrj- from the anesthetic was satisfactory. 

The following day his general condition was much better. Ills pulse rate re- 
mained at about 120 per minute, but the jmlsc volume wa.s greatly improved. His 
blood prosure was 00/00. Tiic heart sounds were faint. Tlie drains were removed 
from tlio chest, and the opening was clo.sed lightly. Tlie following day his blood 
pressure was 105/00. 

Ills postoperative rectal tciiifioralurc w.as 10-1.2'’ F. There was a. gradual fall in 
temperature until it reached normal on the tenth po.stoperutivc day. The tempera- 
ture was slightly irregular for another week, but remained normal after that time. 
After the first week. Ids pulse rate ranged from SO to 00 per minute. The respira- 
tory rate was normal after the first week. 

From the Surgical and Cardiovascular Dep.irtnients, Re.v Hospital, nalclgii x c 
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Fi^. 1. — Kay 2S, inST; this Iracinff was made nineteen days after a piincUire wound 

of the left auricle. 
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The patient was never very anemic. During the first few n-eeks after tlie iniurv 
his hemoglobin was 70 per cent. Then it rose to SO per cent, and has not chance'd 
appreciably since that time. 

He appeared to have verj- little trouble on account of the coIlap.=ed left lung. 
A week after the injury, the left lung was generally hazy and there was slight 
pleural effusion. Two weeks later, the fluid was gone, and the lung was normal 
except for slight haziness over the base. After several weeks, the liMincss in the 
base disappeared. 
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TJie Wood 'IFassermann reaction was negative. There was no liisforv of svphilis 
or Other seioous illness. The patient liad always been a laborer, and rarclv ill. 
Physical examination showed nothing remarkable other than the iniurv. 

The first electrocardiogram was made nineteen days after the injury (Fig. j) 
and was like those which are often obtained after coronary occlusion.' It showed 
normal rhj-thm, normal auriculoventricular conduction time (O.l.o second), slight 
.slurring of the QES complexes, and negative T waves (Pardee type) in all leads. 
The P waves showed a slight dipha.sic tendency. The second tracing was made 
two weeks later, and sliowed a much slower rate and a definite return toward normal 
of the T wave.s in all leads (Pig. 2). There was no change in the P wave.s. 




Fig^. C. — Hay 30, 1038. 


Eighteen days later tlie tracing was aImo.st normal in appearance, e.vcept for rather 
low amplitude of the T waves and some slurring of the QES complexes (Fig. -d)- 
There was still no change in the P waves. In tracings made a month later (Fig. I), 
there was fair amplitude of the T waves in Leads I and II; in Lead III 
waves were almost isoelectric. The P waves were lieginning to sliow improvement : 
in Lead I they were normal, and in Leads II and UI they descended slightly lower 
after the upward thrust than before. In the later tracings (Figs. 5, 6, 7), as le 
patient's general condition improved, it will be noted that there was no 
the P ^vaves, and that the -diphasic tendency of P, and was still presen , n* 

tendency was observed in Lead IV- Also, T, became definitely negative. 

During the first year after the injury, this man worked as a metal grm • 

junk yard. This was heavy work, and at times he complained of dyspnea, h - 
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tliuf time, oxcopt for ])erioilic, silcoliolir (U'liHucIn'is, ho h:is lio(!ii iihh* lo work rojiu- 
hnly at aiiytln'iif; ho wishoil to ilo. 

His hloo't prossuro at tl\o last roaiUnj; was 'I’hat appoavs to ho ap))Vosi- 

inately his avorago prossuro. 11 is pulso rato has persistently renniined in the 
eighties. Tlie oardiae tlirilt and mitral murmurs have persisted; this suggests tlmt 
he has an old rheumatie heart disease whie.h was donhtli'ss present I)efore the in- 
jury oeeurred. 



CONCI.U.SIONS 

A case of stab wound of the left auricle, witlt recovery, is reported 
The serial electrocardiograms .suggest tiiat eleelrocardiooTapliic 
langes mcident to injury of the auricles are not essentiallv different 
fiom those caused by injury of other jiortions of tlic myocardium such 
as ocem-s after coronary oedu.sioii. The P-wavc elianges were dio-m 
and not like those ascribed to damage of the mitral valve. ’ 




AUEICULAE. FIBEILLATION OF LONG STANDING, 
mTH SPONTANEOUS EETURN TO 
NOEl^IAL SINUS BHYTmi 

SIORRLS FogEL, j^I.D. 

Augusta, Ga. 

TN EE \ JEWING tlie literatui-e, only one case was found in which long- 
standing aimeular fibrillation Avas replaced spontaneously by normal 
sinus rhythm. This case was reported by Burch,^ in 1939 ; the auricular 
fibrillation had continued for twenty-two mouths and was succeeded 
by normal rhythm for a period of nine months. This was followed hr 
a 9-month period of fibrillation, after which normal sinus mechanism 
was resumed and had continued for a period of four months, at which 
time the case was reported. Bishop- reported four eases of paroxysmal 
fibriUatiou ; it is well established that, in such cases, normal sinus 
rhythm returns within a period of several hours to a week. BrUl,^ 
in a statistical review, stated that 90 per cent of paroxysms of fibrilla- 
tion may continue for as long as one year and then cease spontaneously. 
It is co mm only agreed that, once established, auricular fibrillation tends 
to persist throughout life. Tliis case is the second of its kind to be 
reported. Normal sinus mechanism was resumed after a prolonged 
pei’iod of auricidar fibrillation. The change took place spontaneously, 
without the aid of specific therapy. 


CASE REPORT 


tv. C. B., a ptysiciaa, aged 74 years, was admitted to the Veterans’ Hospital 
Sept. 30, 1940, for the fourth time. His family history was noncontributory. The 
wife of the patient stated that she first knew that he had a cardiac ailment about 
fifteen years before; the exact nature of it she did not know. His personal physi- 
cian, who examined him regularly prior to his first admission and between subse- 
quent admissions, stated that he was certain that the patient had had a grossly 
irregtilaT heartbeat for eleven years. His impression was that the irregularity 
had been present long before that, but he could not be sure because be bad no 
exact records, and no electrocardiograms had been taken. The patient had been 
taking digitalis at irregular intervals. 

He was first admitted on June 15, 1936, with a history of sudden, severe pain 
about the left kidney which was only partially relieved by barbiturates. The pain 
radiated to the end of the penis and to the inner aspects of both thighs. This was 
followed, in twenty-four hours, by bloodtinged urine and then by frank hematuria. 
He was admitted because of persistence of the pain. Physical examination re- 
vealed a well-nourished, 70-year-old white man who was afebrile. The pupils were 


From the U. S. Veterans Facility, Biloxi, Alississippi. 

Published with permission of the .medical director. Veterans Administration, 
assumes no responsibility for the opinions expressed. 
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and equal on both sides. Expiration was somewliat prolonged and wheezv. No 
gross abnormalities of the lungs were found. Physical and roentgenologic exami- 
nation disclosed no evidence of cardiac enlargement. The rate was rapid (108) 
and the beating was grossly irregular. The blood pressure Avas 148/102. No mur- 
murs were heard. Tlie abdomen ivas soft, and no masses ivere palpable. The liver 
Avas neither enlarged nor tender. Deep tenderness was elicited at the left costo- 
vertebral angle. Small external hemorrhoids were noted. No ankle or pretibial 
edema Avas present. The dorsalis pedis pulses Avere palpable. A blood cell count 
was not done. Urinalysis disclosed the presence of 3 or 4 erythrocytes per high- 
poAver field; these disappeared from the urine in tAA'o weeks. The serologic reac- 
tions were negative. An electrocardiogram (Fig. 1) disclosed evidence of myo- 
cardial damage, left axis deviation, and auricular fibrillation. He aauis kept on a 
maintenance dose of digitalis (114 grains daily), and aa'us discharged improA'cd on 
June 29, 1936, AA'ith a diagnosis of renal infarction (embolic) secondary to arterio- 
sclerotic heart disease and auricular fibi-illation. 

|K|:»i;R»KSR£!jSKSsss:s: 



Fig. 3. — No\-. S, l.'ilO. 

He Avas next seen on Dec. 10, 1938, Avlien he Avas admitted Avith .sjmptoins of 
acute exacerbation of chronic ciiolccysiitis. Gholecystognims disclosed a 
lioning gall bladder. In A-ieAV of the age of the patient and his gener.il con^ , 
surgical treatment Avas not adA'iseu at that time, and he aa.is tre.itci •. 1 

maticallv. The cardiac abnormalities AA'erc the same as they had been aa icn ic 
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patient, was seen in 393r>. Auricnlur fiimllatiou (Fi;:. 2 ) was still present, ami the 
patient was still takiiif? P/j Rrains of jliRiialis daily. He was diseliaif;ed improved 
on Afay 7, 

On .Tune 29, 19.'59, lie was readmitted to have dentures fitted, Init no roeord was 
made of his cardiac status hecanse of lii.s short stay in the hosi)ital. 



J he last admission was on .Sept, .".(i, lii ld. 'J'lie history, as {jiven by his wife, 
was that he liad sudilcnly sluini)ed to the f;ronnd while talking; to some friends, 
and that, titter the fall, it had been noted that he had rifi;ht-sided jiaralysis, with 
some speech impairment. On tidmission he was stuporous and aciitelv ill. Itijjhl- 
sided, flaccid partilysis was present. There were no {jross .•ibnonnalit ics of the 
.skull. The pupils were ecpial, circular, and regular in outline, and reacted readily 
to light and in accommodation. The ears, nose, and throat were essentially nega- 
tive. Lxaminafion of the chest disclosed duHiie.«s at the btisos of both lung.s, with 
diminution of the breath sounds and slightly prolonged cxjiiration. Xo ralo.s ivcre 
heard. Evidence of atelectasis was found roontgenologically ; this disaiipearcd 
subsequently. The blood pressure was .170/120, and the jiul.se rate wns lOti; the 
pulse was irregular, but there was no pulse deficit. 'J’he heart souuds were muniod 
and no murmurs were heard. There was no evidence of congestive failure The 
remainder of the examination showed nothing remarkable. The diagnosis wns 
infarction (embolic) of the left internal cap.siile, secondary to liyperlensive and 
arteriosclerotic heart disease, with auricular fibrillation. The erythrocyte, leuco- 
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cj^te^ and differential leucocj’te counts -were normal. The serologic reactions ivere 
negative. Chemical examination of the urine and blood showed nothing abnormal. 
He remained in a semicomatose state for two days, but roused enough on the third 
to take nourishment and trj^ to talk. Digitalis was then continued, depending up- 
on the heart rate. The electrocardiogram (Pig. 3) still showed left axis delation, 
evidence of myocardial damage, and auricular fibrillation. Tlie patient improved 
so much that he could get about with assistance. On Sept. 10, 1941, it was noted 
that his pulse was regular, and synchronous %vith the apical beat. An electro- 
cardiogram (Pig. 4) showed normal sinus rhythm. The rhythm has remained nor- 
mal to date (Pig. 5) . Subsequent electrocardiograms, not reproduced here, continued 
to show normal sinus rludlim. 




Pig. 5 . — A, Oct. 3, 1941. B, Nov. 1, 1941. 


DISCUSSION 

Auricular fibrillation, from tlie time of its inception, may be eithei 
of two types, i.e., paroxysmal, which may last from several minu es 
several days, and persistent or permanent, which tends to con 
throughout life. The actual records in this case go back only ‘ 
one-half years, but the statement of the patient’s personal P ‘ 
suggests that he had had auricular fibriUation for eleven years. 


TOGF.h: AURICUIjAK FIIlUIMiATIOX 


705 


statement of the wife tlmt the patient had a cardiac ailment fiUccn 
years earlier is not conclusive, J!or there is no evidence as to the type 
aiid severity of the lesion that existed at that time. Durinp: three out 
of the four periods of hospitalization, clinically and clcctrocaJ dio- 
graphieally, auricular fibrillation Avas demonstrated. 1 he jctiuii to 
normal sinus rhythm Avas corroborated b}' the eleetrocardiogi*am. , 

When it Avas discovered clinically that the heart Avas beating regu- 
larly, it Avas at first thought that the patient liad complete auriculo- 
ventricular dissociation, in addition to auricular fibrillation. This oc- 
curs in some cases of aui'icular fibrillation during digitalis thei'apy. 
This Avas disproA'cd by the electrocardiogram, Avhich demonstrated the 
presence of P avoa’cs and their absolute regularity Avith I'efereucc to 
their corresponding QPS eomplexc.s. Tie did not receiA'c digitalis in 
unusual doses, nor did he receive any quinidinc. No unusual drug 
therapy Avas in.stituted at any time. The return to normal sinus rhythm 
Avas spontaneous. 

uoxcnusiox.s 

A case in Avhich long-standing auricular fibrillation Avas rc])laccd by 
normal sinus rhythm is reported; only one olhci' such ease has been 
reported. 

Klceti'ocardiograms taken OA'er a period of five and one-half years are 
shoAvn, including tracings shoAving normal sinus rhythm. 

The statement of the p.'itieni’s pcr.sonal physician indicated that the 
duration of fibrillation Avas eleven years. 

The retnrn to normal sinns mechanism Avas spontaneous. 
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Selected Abstracts 


Murphy, Q.: The Influence of the Accelerator Nerves on the Basal Heart Rate 
of the Dog. Am. J. Phy.siol. 137; 727, 1942. 

Many investigators have believed that tlie eardio-aceelerator nerve fibers are in a 
state of tonic activitj-. In twenty-four unanesthetized dogs without food for twelve 
hours and resting for sixty minutes, the basal heart rate or the lowest rate that 
could be obtained by training was found to range between 42 and 65 beats per min- 
ute. Bilateral removal of the stellate and upper five thoracic ganglia failed to re- 
sult in an appreciable change in the basal heart rate. Under the conditions of these 
experiments, the accelerator nerves do not seem to be in tonic activity and the ac- 
celerator mechanism would seem to be an emergency mechanism. 

Roth. 

Katz, L. N., Jochim, K., and Goldman, A.: The Effect of an Injured Area on the 
Electrical Eield of the Heart Based on Experiments With Models. Am. J. 
Physiol. 137: 779, 1942. 

The electrical field was explored in models made to represent in sijiiple form 
the s;(Ticytial cell of a normal heart and a heart with an injured, unresponsive area. 
In the ‘'normal heart” model during electrical diastole the entire external or body 
field was found to be an equipotential region at the same potential as the external 
surface of the ‘‘polarized cell membrane,” i.e., positive with respect to ground. 
During electrical .systole when depolarization was complete the entire field Avas at 
ground potential. 

In the ‘‘injured heart” model during electrical diastole the e.xternal field Avas 
still positive throughout Avith respect to ground ; hoAvever, it AA'as no longer an equipo- 
tential region because the ‘‘injured region” was only partially polarized. This led 
to the flow of the resting injury current. During electrical systole the potential 
distribution in the field was altered due to the deporalization of ‘‘uninjured” por- 
tions of the ‘‘cell membrane,” while the ‘‘injured region,” being unresponsive, 
retained its partial polarization. This gave rise to the activity injury current. It 
was shoAA-n AA’ith these models that distant points in the e.xternal field may experience 
large changes in potential Avith respect to ground betAveen diastole and systole, and 
so cannot be considered to be indifferent. Further, the resting injury current and 
the activity injury current and hence the monophasic cuive of injury can be ex- 
plained in these models on the basis of the classical membrane theory. The activity 
injury current is shoAvn to be due to the depolarization of uninjured regions and 
not to anv process occurring Avithin the injured area. 

AuTHons. 

Hurwitz, M., and Eriedberg, L.; Relationship of Heart Size to Cholesterol Content 
in Experimental Atheromatosis of the Babbit. Arch. Path. 34: S7o, J942. 

Aiiatomicallv demonstrable sclerosis of the coronary arteries A\-ith resultant myo- 
cardial fibrosis'was produced in rabbits by the feeding of diets high in cholesterol. 
A comparison of the heart weights of these rabbits with tho.se of a control senes 
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showed, as reported previously, that there is a distinct increase in the size and u eight 
of the heart in the cholesterol-fed group and that this increase is reflected in the 
percentage of the total body weight comprised by the heart weight. 

The hearts of the cholesterol-fed group were analyzed quantitativelj^ for choles- 
terol and the results compared with those obtained in a control series. It was foimd 
that the cholesterol-fed animals showed a definite increase in the cholesterol content 
of the heart both in the free and in the esterized form. This increase, though un- 
equivocal, QOuld in no way account for the increased weight of the heart. 

Since previous studies exclude the dynamic significance of lesions of the aortic 
valve, and since aortic sclerosis per se does not cause an increase in the work of 
the left ventricle, it is concluded that myocardial ischemia resulting from athero- 
sclerosis of the coronary arteries per se can be the sole cause of cardiac hyper- 
trophy. 

Authors. 

Starr, I.: Abnormalities of the Amount of the Circulation (Hyper- and Hsrpo- 
kinemia) and Their Relation to Heurocirculatory Asthenia and Kindred Diag- 
noses. Am. J. M. Sc. 204: 573, 1942. 

The author’s observations are that the great group of patients with symptoms 
referable to their circulations, but without disea.se demonstrated by the usual clin- 
ical tests, can be properly divided into three sub-groups depending on the condition 
of their resting circulations. In the hyper- and hypokinemic groups, and in a few 
patients of the normokineraie group, the author has demonstrated an abnormality 
of function which may well be the cause of many of their characteristic symptoms. 

Patients with essential hypokinemia have resting circulations similar to those 
found in many eases of organic heart disease. Therefore it is not surprising that 
these two groups share many symptoms and that such a term as functional heart 
disease, which recognizes the similarit}-, has arisen. Certainly such symptoms as 
dyspnea on exertion, weakness, dizziness when upright, and susceptibility to fainting 
attacks, are consistent with the findings of subnormal circulation. 

Patients with essential hyperkineinia share their circulatory abnormality with 
cases of hj^perthyroidism, and it is not surprising that they have much the same 
appearance to gross inspection. Apparently the characteristic appearance of liyper- 
thyroidism, so readily recognized at a glance by experienced clinicians, is more 
nearly related to the circulation than to the metabolic rate. Perhaps this is why pa- 
tients with hyperthyroidism complicated by a cardiac disease wliich has reduced 
their circulation, may pass so long unrecognized. IVithout hyperkinemia the charac- 
teristic appearance is missing and the attending phj'sicisin does not immediately see 
the need of an estimation of basal metabolic rate. 

Author. 

Hirsch, S.: Concerning the Finer Structure of the Circular Blood Vessels, Es- 
pecially the Finding of Autonomic Stretches of Blood Vessels in the Htunan 
Heart. Cardiologia 6: 105, 1942. 

The main stem and the larger branches of the coronary artery are to be consid- 
ered as an intermediate stage between elastic and muscular artery types. The grad- 
ual transition to the muscular type takes place in the medium arteiies. Tlie struc- 
ture of the walls becomes more manifold as the caliber decreases; the special 
morphological functional circumstances of - the supply region are here imprinted 
histologically. The research carried out under definite technical conditions permits 
the conclusion that autonomously functioning vessel stretches (glomus) are present 
in the heart wall, which serve to adjust the current acting on the vessel wall to the 
changing interstitial pressure of every heart phase (circulation derivative). 

Author. 
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Evans, W., and Wright, G.: The Electrocardiogram in Friedreich Disease Brit 

Heart J. i: 91, 1942. 

The electrocardiogram in 38 patients nath Friedreich disease was specially studied. 
This investigation has convinced ns that the condition may sometimes be as much an 
affection of the heart as of the nervous system. 

In only one patient, \vith Stohes-Adams disease, did clinical examination of llie 
heart show any abnormality; in his case the pulse was slow from complete heart 
block and irregular from extrasystoles. 

Cardioscopy, carried out in all except 4 bedridden patients, showed slight en- 
largement of the left ventricle in S, and 5 of these had prominent cardiographic 
changes. 

The cardiogram showed conspicuous or significant clianges in 12 of the 3S pa- 
tients. There were slight changes in another 10. In the remaining 16 the curre was 
physiological. In the first group 1 patient had complete heart block, 3 had a T, 
type of coronary curve, and 3 had a T, tj-pe of curve. In o the T wave was low 
and usually inverted in all three limb leads. In 5 of 10 patients showing lesser 
changes, the S wave was deep and slurred in lead I and usually in lead II, and 
similarly in leads H and HI in the other 5 patients. 

When the relation of abnormal signs in the nervous system to the cardiographic 
changes was examined, it was found that absence of tendon reflexes and extensor 
response of the plantar reflex were more common in patients with abnormal cardio- 
grams. In respect of other nervous signs it may be said generally that they were 
more widespread in patients with the more conspicuous cardiographic changes. Of 
greater significance appeared to be the high incidence of a family history of Fried- 
reich disease in those sho^ving cardiographic changes. Thus lo out of 22 patients 
with abnormal cardiograms (8 of them showing gross changes) had one or more 
relatives, usually a brother or a sister, similarly affected, while only 4 out of 1C 
patients \vith normal curves provided this family historj". The affected members of 
the same family tended to show identical cardiographic changes. 

The electrocardiogram may help to establish the diagnosis of Friedreich disease 
when the neurological manifestations are not altogether typical of the condition; an 
abnormal tracing lends support to the diagnosis, but a normal curve does not exclude 
it. In prognosis too the cardiogram can be of assistance; when it pro^ns involve- 
ment of the bundle of His it may foretell auricnloventricular dissociation and 
Stokes-Adams disease with its ominons outlook. The exact significance of a "coro- 
nary tv-pe''" of curve is not known yet, but it is probable that only such cases are 
prone to develop heart failure, although the proximity of tliis event may be more 
closelv related to the degree of cardiac enlargement, which is best determined by 
cardioscopy. 

For these reasons we would say that the investigation of a patient with Friedreich 
disease is incomplete without electrocardiography tmd cardioscopy. 

AUTJiOK.S. 

Barber, H.: Electrocardiographic Changes Due to Trauma. Brit. Heart J. 4: S.y, 

1942. 

A =erie 5 of 33 hospital accident cases has been examined within two days of the 
injury. Patients with a severe blow over the chest or a crushing injury of the 
thorax were .selected as opportunity arose. 

Eight abnormal electrocardiograms were obtained. The clianges observed arc com- 
parable with results obtained in animal experiments. 


AUTHOU. 
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Kennedy. J. A.: A New Concept of the C.-rnsc of Patency of tlic DucUir Ai1/;rlo.«us. 

Am. j. M. Sc. 201: ilVO, 1012. 

The l■!l«PC of closure of (he ductus urtorio^us ut luttii is iiuiiortutil to t!ie kuo\sii'du>' 
of physiology- !iud of lu-urt disease. 

Tlie mjtlior'.s oh'-ervntioiis im guine.-i pips .sliiuv tliut the diieliis is diiTereut from 
the otlior prent nrteries hoth histolopicully :iiid in its jihysiolopic renelions. 

Tlie ductus urteriosus during kite fetal life is jiotentiully :m nctive struetur.' nml 
is aide to close in response to certnin definite stimuli. 

It normnlly i-hi'es within the few minutes folhr.vinp hiith :ind ri’imiins ehi-ed. K 
this nornutl jirocess of closure is interrupted, ^mtency of ducltis urteriosus results. 
Thus, it may he the internijition of n nonnnl phy.sio'.opic process v.hich causes Ihi'- 
form of conpeuital hctirl di--<'!ise wheii it occiir.s nloiie, not in some liirarre mtdfor.-mi- 
tion. 

.\t:Ti!'»!:. 

Hansen, A. E.; Plcuri.sy With Ellti.sion a.t .a Manifc.statlon of Rhetmi.atlc Pever. 

.Tournal-Lancel G2: lo?:. 

Pleurisy with effusion charticterire.l a rheumatic, recrudescence iu a 12-year-old 
hoy who CN'iH'rienced tv sudden onset of fever with slight dyspnea atid pain in flo' 
chest several Wvs-hs following a tyjdcal attack of polyarthritis, I'ailiirc to isolate 
any orpanisms in the itienrtd (luid topether with the rapid re.'orj'tion of the exudate 
.'•ei'tiioil to estahlish this' :i“ a clear-cnt rhentnatic jdenrisy with clTu.«lon. Tliis 
inanife.slatioii of rhenmatie fever is dis'cns-ed hrieliy in relation to other type.s of 
pleitnil cfTiision, and the jirotean symplomatolopy of the serious and tvll-too-jirovalciU 
disease of rheunuilie fever is reviewed. 

AVTItO!-., 

Gordon, W. II., Parker, P., Jr., and Weirs, S.: GuniinatouR AortltlK. Arch. Int. 

Med. 70: 1012, 

Tiiree easc.s of macroscojiic pnmmatous norliti.s are reported. In Ca.se 1 the 
piininiatons proee.ss of the aorta eomjdetely ocelmled the right roronary artery- and 
partially occluded the left, one. In Case 2 pvnnmatous lesions were jircsenl al.'O :it the 
hasc of the aortic valve, lu (iaso 2 an extensive gvimmat-nis jirociss nffeetod not 
only- the aorta hut the ptilnionary artery; the necrotic puiuie.atous lesions resulted in 
perfortvtion of the aorta into the trachea. In none of these three cases was there 
puniina in the myocardinni. 

Gummatous aortitis is inainly loeali/ed in the media, Iml usually tin- ndv,-ntiti.'i 
and the intima are also arTeeied. Maeroscpi.t pnmtuatous aortitis is rare, and tie' 
ntirnher of avithenlie ea.ses described in the leeeiit literaMiri-, ineludilip the thris* 
described by us, totals less than ten. Iti addition to th(' ease reported here of 
occlusion of the coronary tvrteries by pumma, only two eases of this condition were 
found in the literature. 

Gummatous lesions of the aorta arc rcsponsihle for symptoms vmly if Ihev letid to 
narrowing or ocelnsion of the coronary arteries or to jicrforation of tlie aorta. 
Dyspne.a, orthopnea, precordial distre.ss, e.-irdiac tisthma, pulmonary edema ntid 
hemoply.sis, when present, are referable to sneh lesit)iis of the coronary arteries nr 
the aorta. 

Of three hundred iitnl sixty eases of clironie .syi»hilitie. iiortitis, inieroseojvic punimas 
occurred in eight (l:-l.nj. I liis ratio must be considered miniiiml. Whether in all 
cases of chronic iiortitis the lesions go Ibrough n .s(«gi, of tnieroscopic fninimatous 
aortitis is not known. 
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In tliree of the three hundred and sixty cases of chronic syphilitic aortitis an 
acute abscesslike lesion was encountered. In a control group of two hundred and 
twenty-four cases similar “acute aortitis” occurred in six cases (in one associated 
with mediastinitis, in one with lymphatic leucemia and in four with medionecrosis 
idiopathica cystica). Chronic lesions of the aorta predispose to secondary acute 
abscesslike lesions. 

Tlie differential morphologic characteristics of gummatous aortitis, on the one 
hand, and those of acute bacterial aortitis, rheumatic aortitis, tuberculosis of tiie 
aorta, atherosclerotic necrosis, medionecrosis idiopathica cystica and aortitis of 
undetermined origin, on the other hand, are described. 

In the group of three hundred and sixty cases of chronic syphilitic aortitis, 
atheromatous changes over the area affected by the sj-philitic lesions were prominent. 
This suggests that chronic syphilitic lesions of the aorta predispose to the develop- 
ment of local atherosclerosis. 

AuTHons. 

Mahaim, I.: Benign Coelothelioma of Tawara’s Node. Cardiologia 6: 57, 1942. 

This is a description of a benign tumor, sui generis, of Tawara’s node, of which 
only five observations are knowm, and w'hich always provokes a heart block. Tlie 
first time it w'as described by Monckeberg under the name of “lymphangioendothe- 
lioma,” but in fact it is a tumor of embryonic origin which develops from the 
epicardic coelothelial cells (Deckzellen). 

Author. 


Eichna, L. W., and Bordley, Janies, III. Capillary Blood Pressure in Man. Direct 
Measurements in the Digits of Normal and Hypertensive Subjects During 
Vasoconstriction and Vasodilatation Variously Induced. J. Clin. Investigation 
21: 711, 1942. 


The digital capillary blood pressure for all locations in the capillary varied 
within wide bmits, and was qualitatively and quantitatively similar in both normal 
and hypertensive subjects. This maintained during the folloiving observations 
which apply equally to both groups of subjects. 

Such physiologic influences as neurogenic vasoconstrictions, reactive hyperemia, 
reflex vasodilatation, and variations in skin temperature between 27° C. and 35° C., 
all induced such comparatively small changes in the digital capillary blood pressure 
that the resultant values did not fall beyond ‘ ‘ resting ’ ’ limits. These changes were 
considerably smaller than the much larger alterations in digital blood flow known 
to occur under similar circumstances. 

Only during increases in local venous pressure did the digital capillary blood pres- 
sure consistently exceed “resting” values. 

Wide variations in digital capillary blood pressure persisted during reflex vaso- 
dilatation, a state during wdiicli digital circulation is considered to be full, standard. 


and reproducible. 

During vasodilatation, induced reflexly or by locally injected histamine, there 
was a disproportionately greater increase in pressure in the venous limb than else- 
where in the capillary. The other states all influenced equally tlie digital capillary 

blood pressure in all locations of the capillary. 

No correlation existed between tlie digital capillary blood pressure and the artena 


pressure, except perhaps during the hyperemia induced by histamine. 

Some mechanism maintains the digital capillary blood pressure within relatively 
fixed limit.s, even during marked changes in digital blood flow and arterial pressure. 

The similarity of the digital capillary blood pressure of normal and hypertensn'o 
subjects indicates that in the digits the increased vascular resistance of hypertensne 
subjects is precapillary, presumably arteriolar. During the vasodilatation of reacdu 
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liypcrcmiii and roflox vasodilatation, the digital eupillaiy blood pressure was essen- 
tially equal in both normal and hypertensive subjects; during vasodilatation induced 
by locally injected histamine, the capillary pressure to the hypertensive subjects 
exceeded that in normal subjects. These few experiments may suggest that in the 
digits histamine appeared to relax, at least to some extent, the increased vascular 
resistance of hypertension whereas reactive hyperemia and reflex vasodilatation did 
not. 

These data and the conclusions derived therefrom upjdy only to the cai)illary blood 
pressure in the nail-folds of the fingers. 

ACTItOIi.S. 

Eiclma, L. W.: Capillary Blood Pressure in Man. Direct Measurements in the 

Digits During Arterial Hypertension Induced by Paredrinol Sulfate. .T. Clin. 

Investigation 21; 7.S1, ]fl42. 

During the hypertension induced by paredrinol sulfe.to in subjects with normal 
arterial pressures, the digital capillary blood pressure remained within the limits 
previouslv established for the same individuals when their arleritil pressures were 
normal. 

This finding maintained equally for capillarie.s in digits with intact innervation and 
tiftcr preganglionic sympathectomy. 

At the height of the paredrinol-induced hypertension, the vasodilatation of local 
reactive hyperemia did not significantly alter the digital capillary blood pressure. 
The hyperemia of the histamine-flare wa.s usutilly associated with ti rise in the digital 
capillary blood pressure to value.s which just e.vceeded the pre.ssures obtained during 
the resting state at both normal and elevated arterial jiressures. 

Authok. 

Abell, E. G., and Page, I. H.: The Effects of Eenal Hypertension on the Vessels 

of the Ears of Babbits. .T. Exjier. Med. 75; r>7H, 1!'42. 

Experimental renal hypertensiou in rabbits causes persistent, visible constric- 
tion to occur in the arterioles of the cars which is not great enough to restrict the 
flow of blood to the tissues but is sutRcient to increase peripheral resistance. The 
constriction is due to the direct action of a substance on (he arterioles since it occurs 
in the absence of nerves to vessels. It is associated with (he appearance of new 
arteriovenous anatomoscs. Since many of these ])henomena have been reproduced 
by injection of angiotonin, this evidence is consonant with the view that the hyper- 
tension is due to angiotonin or some similar substance. 

AuTiioas. 

Schroeder, H. A.; “Essential” Hypertension. A Concept of Its Mechanism. Am. 

.1. M. Sc. 204; 734, 1942. 

A way of thinking about arterial hypertension has been jiresented, which takes in- 
to account the possible role of renal ischemia and those factors which cause it. 

AUTHon. 

Di Palma, Joseph E.: Quantitative Alterations In the Hyperemia Eesponses to 

Local Ischemia of the Smallest Blood Vessels of the Human Skin Polio-wing 

Systemic Anoxemia, Hypercapnia, Acidosis, and Alkalosis. J. Exper Med 76; 

401, 1942. 

The responsiveness of the smallest blood ves.sel.s of the human skin wa.s measured 
in systemic anoxemia, hypercapnia, acidosis, and alkalosis. A method was used 
which measured quantitatively the reactive hyperemia produced by a standardised 



712 


AMERICAN HEART JOURNAL 


period Of local ischemia of those fine vessels. By timing the clearing period of tlie 
threshold^ hyperemia response a direct indication of blood flow in these fine vessels 
was obtained. The following conclusions were reached concerning the responses of 
the smallest blood vessels of the skin. 

Systemic anoxemia causes a decrease in sensitiidty to local ischemia and a slowing 
of the blood flow. ^ 

Hypercapnia prevents the changes resulting from anoxemia. 

These changes in the smallest blood vessels of the, skin.-, occur independentlv of 
changes in pulse rate, blood pressure, and respiratory rate and depth. 

With systemic acidosis there is a decrease in sensitivity to local ischemia and 
a slowing of blood flow. The exact opposite takes place in systemic allmlosis. 

The view is advanced, after due consideration of. the facts, tha^ the carbon dioxide 
concentration of the blood,' or something directly associated with it, is the most im- 
portant factor determining the sensitivity of tliese vessels, rather than o.xygen satura- 
tion or changes in blood pH. 

' Author. 

Peery, T. M.: Incomplete Eupture of the Aorta: A Heretofore Unrecognized 

Stage of Dissecting Aneurysm and a Cause of Cardiac Pain and Cardiac Mur- 
murs. Arch. Int. Med. 70; 689, 1942. ... 

Incomplete rupture of the aorta is closely akin to dissecting aneurj’-sm; it is the 
condition which exists after a tear has occurred in the vessel wall but before dissec- 
tion has begun. It may, in the absence of dissection, cause pain in the chest and 
sudden dyspnea and is frequently associated with murmurs at the aortic area of the 
precordium. It is probably more frequent than dissecting aneurysm proper and may 
or may not be followed by dissecting aneurysm. If incomplete tear was recognized 
clinically dissection might be prevented in some cases by measures which tend to 
lower the blood pressure, thus permitting healing of the vessel wall. 

The following suggestions may be of help in making an ante-mortem diagnosis 
of incomplete rupture of the aorta: 

If the patient has been under observation for hypertension and returns complain- 
ing of sudden suffocation and d3"spnea, with or without substemal pain, and if exam- 
ination discloses either a systolic or a diastolic aortic murmur or both — murmurs 
which have not been present previously — incomplete aortic rapture should be strongly 
suspected. A harsh or rasping type of murmur would be particularly suggestive. 

If the patient is seen for the first time during an acute attack, the diagnosis of 
incomplete rupture of the aorta would have to be made largely by exclusion. If no 
murmurs are detected, an incorrect diagnosis of coronary' thrombosis may be made. 
If there is a diastolic murmur at the aortic area a diagnosis of syphilitic aortic 
valvulitis may be made, and the pain and suffocation may be assigned to narrowing 
of the coronary ostiums. The coincidence of hypertension and negative serologic re- 
actions for sypliilis may raise some doubt as to the correctness of this diagnosis. The 
suddenness of onset of symptoms may cause the diagnosis of ruptured aortic Valve 
cusp to be considered. In dissecting aneurysm, which might also be confused uitli 
incomplete rupture, pain is usually more severe, and characteristically, the severit} 
and the location of the pain change as dissection continues. 

If the patient is seen for the first time because of heart failure due to aortic 
insufficiency, the correct diagnosis of incomplete aortic rupture would be extremely 
difficult. If the onset of symptoms of heart failure is sudden, if the patient shows 
marked hypertension and if clinical evidence of syphilitic and of rheumatic infection 
is lacking, it may occasionally be possible to make a correct diagnosis of inconi 
plete aortic rupture as the cause of aortic insufficiency.' 
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Careful search of the literature has failed to disclose an instance in -which a 
correct diagnosis of incomplete rupture of the aorta has been made ante mortem. 

Author. 

Hueper, W. C.; Experimental Studies in Cardiovascular Pathology. VI. Pectin 

Atheromatosis and Thesaurosis in Babbits and Dogs. Arch. Path. 34: 883, 1942. 

Pectin solutions either freshly prepared and neutralized with phosphate buffer 
solution or autoclaved and neutralized were injected into dogs and rabbits. 

The immediate effects produced on the blood by either of the two solutions are 
shown in colloidoclastic leucopenia, acceleration of erythrocytic sedimentation and 
moderate shortening of clotting time. 

Repeated injections of pectin solutions do not cause any increase in the viscosity of 
the plasma or any changes in the number and the ratio of leucocytes. 

In dogs and rabbits "^iven injections of the freshly prepared pectin solution, 
marked foam-cellular storage phenomena develop in the spleen, liver, kidney and 
marrow in addition to foam-cellular atheromatosis of the various arteries. Older 
vascular lesions of this origin are characterized bj’ hyaline intimal thickening with 
or without calcification and by hyaline necrosis and calcification in the media under- 
neath. 

Dogs and rabbits given injections of the autoclaved pectin solution showed, on the 
other hand, with the exception of one rabbit, only minor storage phenomena in the 
bone marrow and foci of hyaline degeneration and thickening of the arteries. 

These differences in degree and type of reaction are due to the fact that pectin 
solutions are markedlj- depol 3 'merized when exposed to heat and lose thereby much 
of their macromoleoular characteristics and their original physicochemical properties. 

These observations confirm the concept of the presence of a fundamental causal 
relation between physicochemical colloidal disturbances of the plasma and vascular 
atheromatosis and organic thesaurosis. 

Author. 


Logue, K. B.; Acute Cor Pulmonale. J. M. A. Georgia 31; 1(33, 1942. 

Three case reports of massive pulmonary embolism have been presented, -with the 
electrocardiographic changes which occurred in each. Minimal changes were present 
in one tracing, the t 3 rpical McGinn-White type of change was present in another, 
and in the other serial electrocardiograms simulated tliose seen in posterior myo- 
cardial infarction. 

Author. 

Mendiowitz, M.; Clubbing and Hypertrophic Osteoarthropathy. Medicine 21: 

209, 1942. 

Symmetrical clubbing of the fingers and toes may be acquired in the course of 
various systemic diseases or may be hereditary. Unilateral and unidigital clubbing 
apparently occur in association with vascular and vasomotor diseases of the cor- 
responding extremity or finger. Hypertrophic Dsteoarthiopathy is an extension of 
the process of clubbing to more proximal parts of the extremities and may develop 
in any condition capable of producing clubbing. 

Characteristic clinical and roentgenological changes occur in clubbing and hyper- 
trophic osteoarthropathy. 

Clubbing and hypertrophic osteoarthropathy are seen pathologically to consist 
chiefly of tissue hypertrophy and liyperplasia. In the original bone, however, osteo- 
clasis and bone resorption may be stimulated. 
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Hypertrophic osteoarthropathy was produced cxporiinentally in the dog bv 
anastomosis of the pulmonary artery to tlie left auricle. Tlie most significant circu- 
latory change found was an increase in systemic cardiac output. 

Clinical physiological observations have demonstrated in simple acquired sym- 
metrical clubbing an increase in blood flow per unit of tissue caused chiefly by an 
increased digital arterial pre.ssure. In hereditary clubbing and in hypertrophic osteo- 
arthropathy these changes in digital arterial pressure and blood flow were absent. 
In unilateral clubbing they were variable. 

Previous theories on the pathogenesis of clubbing are reviewed hislorically and 
discussed critically. 

It is believed that increased peripheral blood flow will form a corner-stone of 
future theories on the mechanism of clubbing and hypertrophic osteoarthropathv. 

Autiiok. 

Steinberg, M. F., Grishman, A., and Sussman, M. L.: Angiocardiography in Con- 
genital Heart Disease. Am. J. Roentgenol. 48: 141, 1942. 

The diagno.sis of dextrocardia with complete or partial transposition of viscera 
presents no diagnostic difflcultie.s. However, it may be veiy difficult to dif- 
ferentiate the tj'pe of isolated dextrocardia in which there is inversion of the cardiac 
chambers from that type with a normal arrangement of the chambers. A method of 
differentiating this type during life is afforded by angiocardiography. The 
embryology of dextrocardia is discussed and three cases studied by angiocardiography 
are reported. 

WILMAM.S. 

Taylor, H. K., and Shulman, I.: Oardio-anglography. Radiology 39: 323, 1942. 

Fifteen patients were studied by electrocardiography, the stethogram', venou.s 
pressure determinations, circulation tests, kymography, teleioentgenography, and the 
relatively new method of cardio-angiography. Cardio-angiography visualizes the 
position of the various components of the heart, and it has been found that their 
positions are not entirely as described in textbooks. The information obtained 
from cardio-angiography with respect to the different components of the heart can- 
not be made available by any one or any combination of the routine methods of 
cardiac examination. The patients reported included two cases of mild congestive 
failure, hypertensives, one with renal insufficiency and nitrogenous retention, hyper- 
tension with bundle branch block, and a case of coronary occlusion. No serious or 
untoward reactions occurred. This type of cardiac examination is not recommended 
in patients who are debilitated, acutely ill, in severe cardiac decompen.sation, or 
in those having respiratory distress. 

Williams. 

Harrison, J. H.: The Indications and Limitations of Prostatic Surgery in the 

Presence of Cardiac Disease. Am. J. M. Sc. 204: 4G9, 1942. 

It is now generally agreed that patients having cardiac lesions often tolerate 
operation unexpectedly well. Indeed, the condition of the circulatory system 
usually^ improves immediately' on relief of the obstructed bladder. The p.itient past 
middle life is not to be considered a poor operative risk for surgery of the prostate 
merely because of his years. For these reasons a proper evaluation of the factors in- 
volved when cardiac disea.se and urinary ob.struction of prostatic origin coexist, is 

very' important. _ 

A careful history is most important in eliciting evidence of heart disease. Studies 
of exercise tolerance and vital capacity are of value in estimating the operative risk 
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of elderly paticnls. The patient, who has recently been able to lead an aetir-o bfe 
is a good operative risk in spite of tbc pre.senee of licart disease. Acute urinarr 
retention precipitated by an acute cardiac crisis docs not always require subsequent 
prostatectomy. By careful judicious nianagcineut it is often possible to tide such 
patients over b.v conservative means until cardiac decompensation has cleared and 
normal micturition been resumed. 

The patient who tends toward recurrent cardiacs decompensation with associjited 
urinary difficulties, has progressively more severe urinary retention with each succes- 
cessive cardiac breakdown. Several weeks should elapse after a coronary accident 
before resorting to surgery. In general the prognosis is better for these patients 
who have more than four weeks preoperative preparation, but this period must bo 
judged on the basis of the merits of the individual case. 

It is now more often a choice of the proper time to 0 ])erate and the kind of opera- 
tion to be employed rather than a decision for or against surgery, because modern 
methods do not impose a burden on even the diseased heart sufficient to upset its 
phj'siologic function when adequate medical (uvre is given. After prostatectomy 
great improvement is manifested in the cardiova.scular condition of the patient who 
has had urinary retention and heart disease. The operative approach and anc.«the.sia 
depend on the characteristics and abilities of the jiatient, surgeon and anesthetist. 
In this clinic, the transurethral and perineal approadics have been used in recent 
years almost entirely, e.xcept when there is a definite and special indication for the 
suprapubic operation. TIic anesthesia of clioiee has been low spinal or ether, 

AUTHOI!. 

Caviness, V. S., Umphlet, T. L., and Royster, C. L.; Blood Pressure and Sulfo- 

cyanates (Thiocysinate) . Am. .1. >1. Sc. 204: (588, 1042. 

Sulfocyauatcs nre'iiaturaily present in the body in a much higlicr conceutration 
than any other known depressor substance. The concentration is approximately 
50,000 times that of nitrites. 

Each individual has a fixed constant blood siilfocyanate level.. 

Blood sulfocyanato concentrations tend to vary inversely with the blood pressure 
level, whether naturally or under treufinent. 

There appears to be normally in the body a balance between pressor substances 
and sulfocyanates. There is a definite tendemry for low blood sulfocyannte levels 
to be associated with hypertension. Higlier concentrations of blood sulfocyauatcs 
are not associated with hypcrtcn.sion. 

Potassium sulfocyanate is ii .safe depre.ssor siib.staiice if used projierlyj it lowers 
the diastolic pressure as well as the systolic. 

The earlier in the course of tlie disease that trealmeut is instituted, the better the 
results that can be antieijiated. 

The loner the effective blood sulfocyanate concentration can be kept during treat- 
ment, the better the results will be;' 

The results of this work show such a strong rationale for the use of .'‘ulfocyanato.s 
in hj-pertensioii that the use need no longer be regarded a.s empirical. 

Abthous. 

Pelner, L.; The Effect of Ascorbic Acid < Vitamin C) on the Sensitivity to 

Salicylates in a Case of Rheumatic Pever. J. Lab. & Clin. Med. 28: 28, 1942. 

A severe case of rlieumatic carditis became inloleraut to sodium salicylate early 
in the course of the illness. 

A low plasma ascorbic acid content, positive tourniquet test, and severe nosebleed 
suggested the presence of vitamin C deficiency. 
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The preceding diet of this patient proved to he deficient in \dtamin C. 

After the vitamin C intahe was increased, sodium salicylate was again mven iu 
large amounts with impunity. “ 

Author. 

Burstein, J., Brown, G., and Klein, C.: Treatment of Congestive Heart Failure 
^ -^^^i*RlAtory Patients TVith an Orally Administered Mercurial Diuretic. J. 
Lah. & Clin. Med. 28: 147, 1942. . 1 

Nine patients in congestive heart failure, attending an out-patient cardiac 
clinic, who were Icnown to he well controlled hy administration of intravenous 
mercurial diuretics, were given instead, an oral preparation of mercurial diuretic 
in a study to determine the usefulness of this medication in ambulatory patients. 
Seven of the nine patients (77.7 per cent) showed an increase in urinary output 
after taking this preparation, as compared with their output when no mercurial 
diuretic was given. In no case was the increase in urinary output as great as that 
resulting when the usual dose of a standard mercurial diuretic was given in- 
travenously. Side reactions, chiefly cramps and diarrhea, occurred in six of the 
nine patients (66.7 per cent) and necessitated discontinuance of administration of 
the oral mercurial preparation. 

Authors. 

Lamport, H,: The Effects on Renal Resistance to Blood Flow of Renin, Angio- 
tonin, Pitressin and Atropine, Hypertension, and Toxemia of Pregnancy. J. 
Clin. Investigation 21: 685, 1942. 

Pitressin caused no consistent change in glomerular intra-capillarj" pressure, total 
effective renal arteriolar resistance, or in the afferent-to-efferent arteriolar resistance 
ratio in unanesthetized dogs. 

Atropine added to pitressin increased total effective arteriolar renal resistance, with 
afferent arteriolar constriction predominating, in unanesthetized dogs. 

Renin infused into unanesthetized dogs increased glomerular intracapillarj’’ pres- 
sure and total arteriolar resistance with neither afferent nor efferent constrictiou 
predominating consistently. 

Angiotonin acted rather similarly to renin, hut conclusions concerning it arc sub- 
ject to some doubt. 

In one test on a human subject, angiotonin caused constriction of both sets of 
arterioles with afferent constriction predominating. 

Afferent arteriolar constriction outu-eighed efferent constriction more than is nor- 
mal in aU of the seventeen cases of essential hypertension studied. 

It is likely that the resistance of the afferent arterioles varies with blood pres- 
sure changes so as to preserve renal function, 

A specific renal effect is the probable cause of the low filtration fraction seen in 
late severe toxemia of pregnancy. There is inadequate evidence to decide how much 
of this effect is primarily constriction of the efferent arterioles and hoiv much, if any, 
is change in the permeability' of the glomerular membrane to water and/or inuliu 
and other sugars. 

Author. 

Rosenbaum, J, D.: The Influence of Alterations in Acid-Base Balance Upon 
Transfers of Carbon Dioxide and Bicarbonate in Man. J. Clin. Investigation 
21: 735, 1942. 

The influence of changes in acid-base equilibrium upon the output of carbon dioxide 
by the lungs was studied in human subjects. 
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Ovcrrentilntion produced Inrgo increment;; in respirnlnry output of CO.. A por- 
tion of U\c CO. wn? given up by the tissues. 

Vonfilntion u-ith ii CO.-cnri<diod nir enused n marked diminiitiou in the volume 
of COj given mil by tlm lung.s. Part of the CO. retention was intracellular. 

Alterations of the’ CO, content of Wood, produced by ingestion of ammonium 
cUorido, may be unassoeiatod with any significant change in ttic output, of carbon 
dioxide by the lungs. 

The volume of distribution of bienrhonatc ion administered intravenously ns 
sodium bicarbonate was found to approximate the extracellular lluid volume as 
defenuined by the thincynmito metlmd. 

Authoi:. 

Orgain, E. S.. .and Po.ston, M. A.: Snlfonaniido Compmind.s in Thcr.ipy of Bac- 
terial Endocarditis; A Comparison of the In Vitro Inhibitory Effects .and the 

Bacteriostatic Activity. Arch. Int. Med. 70: 777, 10-52. 

The in vitro inhibitory effects of seven sulfonamide compounds on twenty or- 
ganisms isolated from sevonleeii patients suffering from Imeterial endocarditis 
have been correlated with tlin clinical bacicrio.static activitr- of the.se driig.s in a 
series of thirty-three elinical (in vivo) experiments. 

A certain degree of correlation was found to exist lielweou the in vitro inliibitory 
effects of those drugs and tlioir elinical bacteriostatic ae.tivity. 

Tlic importaiico of preliminary in vitro experiments to dctormiiio Die most effec- 
tive drug and its possilile. clinical level of inhibitory action is emphusir.cd, 

.\UTHOi;.S. 


Schlll, E.': Auricular Pluttor Appearing In the Course of .a Protracted Treatment 
With Digitalis. Cardiologia G; 1G5, J0 t2. 

Description is given of a case in which after a 20-dny Vorodigon-trentment aud 
direct 8-day intensive treatment with digitalis (pnlvis) a temporary attack of 
arrhythmia perpetua occurred. 

Auriton. 


To Our Readers 

Tlie exigeiicit'.s of tlic war situation have ur.ule it jua-essavv In eoiB))ly 
with the order of Ihe av J’roductioji IJoard lo i-eduro tlio weiglil, of 
paper previously used for llie doiiuN-Ai.. Wliile this clinngo will do), 
affect the printed jtage it will affect the quality of the halftone illuslivi- 
tions. We regret that we have no clioice in the mallei- and would 
ask the forbearance of onv readers. A.s .soon a.s the re.strietions are 
removed, we .shall resume our prucliee of printing the doimx.M. on tlie 
prcvion.sly employed heavier grade of paper. 

Tim C. V. Mosiiv Co., I’uiu.isimus. 
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creased the caliber of rings of coronary artery. Babe observed con- 
striction of rings of coronary artery. Cow described dilatation of rings 
of coronary artery after the administration of digitalin. Voegtlin 
and ]\Iacht"® stated that isolated rings of coronary artery were 'con- 
stricted by digitalin (Merck) and digitoxin (Merck), dilated by digalcn, 
slightly constricted by digitalin (Kiliani), and unchanged by strophan- 
thin (Merck) and strophanthin (Boehringer). BoncB" and Meyer^® 
studied the volume outflow from severed and cannulated superficial 
coronary veins, hleyer observed that digalen, g-strophanthin, digipura- 
tum soluble, and digistrophan increased the flow, whereas Bond con- 
cluded that digitalis and strophanthin did not produce any change in 
the flow. Gunn^® did not obseiwe any change in coronary blood flow 
after the administration of strophanthin; he used the isolated heart of 


the rabbit and the Condon recorder to measure the flow. 

]Most of the measurements of coronarj^ blood flow have heen made by 
inserting a Morawitz cannula in the coronary sinus. Sakai and Saney- 
oshi®® concluded that strophanthin in large doses eau-ses vasoconstriction, 
whereas, in doses approximating those employed clinically, the drug 
produces little or no change in the blood flow. Bodo®^ observed an in- 
crease in coronary blood flow after the administration of large doses 
of tincture of digitalis (10 c.c. to a heart-lung preparation vdthin 
twenty-six minutes), and also after the administz’ation of 0.3 mg. oi 
strophanthin. Fisher, Guggenheimer, and llliiller®® observed a de- 
crease in coronary flow after the administration of strophanthin (0.2 
mg., for example). Gilbert and Fenn®® concluded that ouabain, digi- 
toxin, and tincture of digitalis (even 20 to 30 per cent of the minimal 
lethal dose) decreased the coronary floiv by vasoconstriction. Biihl 
and Wiehler®^ likewise observed vasoconstriction after the administration 
of strophanthin. Ginsberg, Stoland, and Siler®® found that the ad- 
ministration of digitalis in the Starling preparation decreased the cor- 
onary flow for ten minutes, and then increased it. 


The thermostromuhr method of Kein®® has been used in recent years 
to study the coronary blood flow. Hochrein®" stated that digitalis (0.4 
c.c. of digipurat) increased the coronary blood flow in some animals 
and decreased it in others. Essex, Herrick, Baldes, and jMann®® gave 


approximately 30 per cent of the minimal lethal dose of digiglusin to 
trained, unanesthetized dogs, and did not obseiwe any significant 
changes in coronaiw blood flow as measured by the Baldes-Herrick®® 
modification of the Rein thermostromuhr. The coronary blood flow 
was measured daily for a period as long as nine da.vs. Essex, Herrick, 
and Yisschew® injected solutions containing lanatosidc A, B, and C 
(subnauseating doses, varying from 10 to 20 per cent of the minimal 
lethal dose) into trained, unane.sthetized dogs. With the thermo- 
stromuhr method, the coronary blood flow Avas unchanged. Hildebrandt 
and Osterwald,®^ using the Rein thermostromuhr, did not observe any 
change in coronary floV after 0.15 to 0.5 mg. of strophanthin per kilo- 
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gram liad born administorod lo dogs anostliolizod willi inoriiiniic and 
pernocton. Tlii.s do.sngi; was cstimalrd lo be within tiio thorajirntic vango ; 
toxic doses cansed a dei-rease of the coiuinary blood (low, then an increase. 


In a critical evalnation of the foregoing experimental methods of 
measuring coronary blood tlow after the a<lministration oi digitalis, 
the following fa<;tors dc.sevve comment. The isolated ring method is 
obviou.sly very uni)hysi<ilogic. 'I'lii' volume of How Irom a severed super- 
ficial coronary vein is not a reliable index to tlu' tlow of blood in the 
coronary arteries; loo many factors may change tlu' venous tlow, will) 
or without, a corro.s])onding eliango of tlow in tlie coronary artei-ies. 
The coronary blood flow in the heart -lung ])re)iaration may be altered 
by tlie cfl'ccts of the preparatory operative procedure, by tlie anesthetic 
agent, and by the fact that the iieart usually is denervatcal. 

It must be borne in mind that those exiierimental methods are adaittcd 
to measuring coronary blood flow over periods varying from a lew 
minutes to several hours. They do not jiermit om; to follow the volume 
of flow overlong periods after digitalis has been administered, b'nrthm*- 
more, estimation of the dose of digitalis which would corre.sjxmd to that 
ordinarily u.sod in an intact animal or in man is diflicult in tlieso ex- 
perimental i)rci>araf ions. 

The thermostromulir measurements of the coronary blood flow are 
the only ones which firoduce values lliat can be assumed lo ajiju'oach 
physiologic limits. The trained animals are intact. Their coronary 
blood flow may lie measured at any time during a control iierlod of 
several days, and at any time over a period of days after the digitalis 
has been given. 


.M muons 

In tlin rNjioriiiU'nts on Iiloml tlow, wfn- usi'il iK'i’niiso tUcse tiniuinls linve 

coronury nrterics wliicli :ir<> liirgc ('iioii^ti to gonnil llio npplii'.'ttioii of tlio tliernio- 
.‘itromiilir unit. 

Fourteen cine's were prejuireil for llie-c ('XiieriiiieiilH, of wtiieli were .‘•.•iti.-- 
factory for oliservationH on tlie eoronnry Itluoil (low. Seven nniinnls were tinsutis- 
fiictory for (lie fnliowing retiHoni*: (tevelopnient of jiostoperative eoiajilirjU ion.x flliree 
(togs), of.'etiision of (Ik* ve.-i.-els under (lu- (lii‘riim";(iotm)lir uiii( (one 'log), nialfuiii'- 
tion of tlio unit (one dog), a break in tbe load wire.-; from tlie unit witliin ftie 
animal ',s tborax (oiio iln;;), and di.\tmielion of tlie unit, and (tie eoronary nrtery, 
so tlial (lie former lay free in tbe tlmraeic. eavily (one dog). One animal aliieb 
did not have a unit tijtjilied tu tlie eiwonary artery was u.»ed for measiin'inents of 
blood prc.s.siire before and after the admiaistratioa Of a loxie, dose of digitnli.s, 

Tlw f-oqurrico of experimeatul procedures used to obttiia tbe eoroiutry blood 
flow readings may be summarized brielly: 

3. Each animal was (mined to lie 'luietiy on its rigid .side on a table, fjevera! 
dny.s were rociuirod to train tlie average dog. 

g. The Pcin tliermo.slromulir unit (n.s moditied by Babies and llerrielc) wa.'' 
applied (o tlie eiroumflo.x braneli of (be left eoronary tirterv wliile the animal was 
under general anestlie.sia and wa.s eonneeted witii an ar(i/ieial respirator. Sterile 
operative technique was used (o expose the lii>arl through an ineision between (lie 
fifth and sixth nbs on the left .side. A short segment of (lie jirevion.slv mentioned 
coronary artery wa.s earefuliy di.sseeted free from the tidiaeent ti.ssue.' .-V (liermo- 
strornuhr unit of the proper size was fasicncd to this Isolated portion of the eoronarv 
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artery. In addition, the lead wires from the unit were sutured to the epicardium 
to aid in stabilizing the unit on the coronary artery. The pericardium and the 
chest wall were then closed ivith sutures. The lead wires from the unit were per- 
mitted to emerge from the anterior (ventral) portion of the incision. 

3. After the animal had recovered suflScieutly from the immediate effects of 
the operation (twenty-four to forty-eight hours), had attained its approximately 
normal body temperature, had regained its appetite, and had been able to run about 
the laboratory without any apparent discomfort or illness, daily measurements of 
the coronary blood flow were made. Before the reading of the blood flow was 
made each day, the animal was made to lie quietly on a table for thirty minutes to 
one hour in order to obtain, as nearty as possible, a basal value for the coronary 
blood flow. 

4. When the daily measurements of the coronary blood flow remained fairly 
constant, the appropriate dose of digitalis Avas injected intravenously. The intra- 
venous route was chosen in order to make certain that all of the drug, in any 
given dose, entered the circulation. 

5. After the digitalis had been administered, daily measurements of the coronary 
blood flow were made. (Each animal was made to lie quietly on the table until 
a sustained basal flow reading was obtained.) In some of the animals, measure- 
ments of blood flow were made at intervals of one hour during the first six to 
eight hours after the drug, had been injected. Nausea and vomiting, however, 
limited the value of these immediate readings. 

6. The experiment was terminated when the lead wires broke Avithin the thoracic 
cavity, or when the animal was killed in order to study the myocardium grossly and 
microscopically. 

In selecting the animals, an endeavor Avas made to use old dogs. It had already 
been shoAvnsa that old cats are more sensitive to digitalis than young ones. 

The animals were fed daily after the blood floAv had been measured. 

The construction of the thermostromuhr unit and its calibration have been de- 
scribed by Eein, Baldes and Herrick, and Herrick and Baldes,33 and the description 
need not be repeated here. 

Measurements of blood pressure Averc made on some of the animals AA'ith the 
manometer teclmique of Hamilton, Brewer, and Brotman.3A 

The digitalis preparations which Ave used Avere as follows: (1) digifoline, 2 c.c. = 1 
cat unit; (2) digalen, 2 c.c. = 1 cat unit; (3) digitoxin, 0.575 mg. per kilogram 
of dog = minimal lethal dose; (4) lanatoside A, 0.437 mg. per kilogram of dog 
= minimal lethal dose. 

It was estimated that 30 per cent of the minimal lethal dose Avas equivalent to 
the "calculated therapeutic dose.” Eighty per cent of the minimal lethal dose 
Avas definitely toxic. It has been shoAA-n32 that SO per cent of the minimal lethal 
dose of digitalis may produce histologic changes in the heart of the cat. The 
lethal dose of digitalis for the dog AA-as taken to be approximately 25 per cent 
greater than that for the cat. 


RESULTS 

Care was taken to use only those animals which had recovered from 
the operative procedure and were, to all intents and purposes, in good 
condition. An endeavor Avas'inade to keep the animal as quiet as pos- 
sible when the measiu’ements of average minimal blood flow were made 

each day. . . n n ■ 

A. Effects of Calcnlated Therapeutic Doses of Digitahs on the Co>- 

onary Blood Flow.— In confirmation of the work of Essex, Herrick, 
Baldes, and Mann,==s the estimated therapeutic dose of digitalis (30 per 
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cent of the minimal lethal dose of digalen) did not produce any signifi- 
cant change in blood flow in the cireinnflex branch of the left coionaiy 
artery over a period of three days (Pig. 1 JHid Table I). Theie was no 
significant change in coronary blood flow after the administiation of 30 
per cent of the minimal lethal dose of digitoxin over a period of three 
days (Pig. 2). 
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Fig. 1. — No change in coronary blood flow after intravenous administration of 
calculated therapeutic dose of digitalis (30 per cent of minimal lethal dose of 
digalen). No histologic changes were found in the myocardium of this animal. 


Tabpe I 


Coronary Blood Flow of a Io-Kiloqram Dog After the iNJEcrrioN of 
Calculated Therapeutic Dose of Digitalis (30 Per Ce.nt of 
Minimal Lethal Dose of Digalen) 


DRUG GIVEN 
INTRAVENOUSLY, 
PER CENT 

OF MINIMAL 
LETHAL DOSE 

AVERAGE 

BLOOD 

FLOW, 

C.C. per 
MINUTE 

TIJIE 

OBSERVED 

AFTER 

OPERATION 

PULSE 

RitTE, 

BEATS 

PER 

JHNUTE 

1 UECTTAL ' 
TEitPER- 
ATUKE, 

1 DEGREES 

F. 

REMARKS 


50.2 

48 hr. 

(2 days) 

130 

103,2 



49.7 

72 hr. 

.(3 days) 

132 

103.0 



49.4 

9G hr. 

(4 days) 

108 


Animal’s condition satis- 
factory 

30% digalen 


103 hr. j 

1 

1 

1 



50 

120 lir. 

(5 days) 

1 



Note no change of rate 
of flow with calculated 
therapeutic dose 


49 

144 hr. 

(6 days) 

100 ! 

102 

Mechanical break in lead 
wires 



108 hr. 





B. Effects of Toxic Doses of Digitalis on the Coronary Blood Floio. 

Pig. 2 and Table II indicate that, although a calculated therapeutic 
dose of digitalis (30 per cent of the minimal lethal dose of digitoxin) 
did not change the coronary blood flow, a toxic amount of the drug 
(63 per cent of the minimal lethal dose of digitoxin) decreased tlie 
volume of flow from 96 to 61 c.c. per minute. The decrease of blood 





















Fig. 2 . — Xo significant change in coronary blood flow after in' ravenous administra- 
tion of calculated therapeutic dose of digitalis (30 per cent of minimal lethal dose of 
digitoxin). Decrease of coronary blood flow after intravenous administration of 
toxic dose of digitalis (63 per cent of minimal lethal dose of digitoxin) ; the diminu- 
tion of coronary blood flow was not sustained. The animal died promptly after in- 
jection of third dose of drug. Xo myocardial lesions were found. 

Table II 

ConoxARY Blood Flow of a 26-Kilogr.\ji Dog After the Ixjectiox of .\ 
Ther.\pectic Dose of Digitalis (30 Per Cent of ^Iiximal Lethal Dose 
of Digitoxix) and After Injection of Toxic Dose of Digitaus 
(63 Per Cent of I^Dnymal Leth.^l Dose of Digitoxin) 


dreg given 

INTR.\VENOUSLY, 
PER CENT 

OF MINIMAL 

LETHAL DO.SE 

AVERAGE 

BLOOD 
FLOW, 
C.C. PER 
MINETE 

PULSE 

RATE. 

BEAT.S 

PER 

MINUTE 

RECTAL 

TEJIPER- 

ATURE, 

DEGREES 

F. 

TIME 

OB.SERVED 

AFTER 

OPERATION 

REMARKS 


96 

126 

102.S 

32 lir. 

(1 day-r) 




H[ 

101.6 ; 

59 hr. 

(2 day.?-!) 

Excellent condition. Aver- 
age control flow 90.0 

C.C. 


S6 

100 

101.6 

S2 hr. 

(3 days-r) 



ss 

106 

101.6 

97 lir. 

(4 days-r) 


30% digitoxin 







90 

72 

101.4 

100 hr. 

S hr. after digito.xin; no 
decrea.se flow 

i 

1 

96 

126 

lOl.S 

12S hr. 

(5 dayst-) 


63% digitoxin j 

1 






61 

OS 

101.4 

152 lir. 

(6 days-r) 

Xunierous premature con- 
tractions 


70 

66 


179 hr. 

(71h day) 

Xumerous premature 

contractions 


93 

156 

102 

203 hr. 

(Stli day) 

Regular, hut rapid, puhe. 
Dog was given 30% 
of minimal lethal dose 
of digalen intrave- 
nously, Died promptly 
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flow was not sustained; forty-eight hours after tlie toxic dose liad been 
injected, the blood flow had returned to its previous level, i.e., 93 e.c. 
per minute. A third injection of 30 per cent of the minimal lethal 
dose of digalen caused the animal to die within a few hours. No histo- 
logic changes were observed in the heart of this animal. 

Table III shows a marked increase in coronary blood flow during 
the stage of nausea. The blood flow increased from 160 to 285 c.c. per 


Tabi,e III 

CoRoxARY Blood Fi.ow of ax 18.4 Kilograsi Dog After the Ixjectiox of a Toxic 
Dose of Digitalis (SO Per Cext of Mixi.val Dethal Dose of Dioalex) 

Note rise of coronary blood flow in stage of nausea and fall of blood flow in 

postnausea stage 


DRUG GIVEX 
INTRAVEXOUSLY, 
PER CEXT 

OF MIKIMAL 

LETHAL DOSE 

TIME 

OBSERVED 

AFTER 

OPERATION 

AVERAGE 
BLOOD 
FIAUV, 
C.C. PER 

MINUTE 

PUESE 

RATE, 

BEATS 

PER 

MINUTE 

BLOOD 

PRES- 

SURE, 

MM. 

IIG 

JIECTAL 

TEMPEK- 

ATUP.E, 

DEGREES 

F. 

REMARKS 


48 hr. (2nd 
day) 

108 

sc 


101.8 



82 hr. (3rd 
day) 

155 

90 

198/112 

101.8 

Average control 
flow, 162.7 c.c. 
per minute 


88 hr. (3rd 
day) 

105 

80 





90 lir. (4th 
day) 

103.5 

78 


lOl.S 



101 hr. (4th 
day) 

100 

78 


101.0 


80% digalen 

4th day 

too 

04 



Restless ; uncomfort- 
able 


% hr. after 
injection 

1 

B 



Restless ; n a u s e- 
ated, emesis 



285 

B 



IHHI 


2 iir. after 
injetcion 

235 

B 



No emesis past hr. 
Restless 


3 hr. after 
injection 

172 

124 



E.vtrasystoles. Eme- 
sis Avithin hr. 
Quiet 


4 hr. after 
injection 

140 

100 



Quiet 


8 hr. after 
injection 

105 

120 



Maximal decrease of 
flow recorded 


132 hr. (oth 
day) 

144 

[ 


101.4 

Extrasystoles. Dog 
restless. Not basal 
value 


150 hr. (Gth 
day) 

128 

90 


101.2 

Quiet 


179 hr. (7th 
day) 

1.34 

78 


101.3 

Extra.systole.s. Quiet 


190 hr. (Sth 
day) 

1.32 

74 


101.2 

Dog quiet. Lead 
wires to unit 
broken inside 
chest. Dog re- 
covered 
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minute one hour after the administration of a toxic dose of digitalis 
(80 per cent of minimal lethal dose of digalen). Eight hours after the 

Table TV 

DeCRILVSE IX COROXAKY BlOOD PLOW IX A 13.3-KlLOGKASr DOG 


Decrease was maintained over a period of days by repeated doses of 
digitalis in the toxic range 


DRUG GnTX 
IXTRA%’EX-OUSLy, 
PER CEXT 

OF IIIXIMAL 
LETHAL DOSE 

TIME 

OBSERVED 

^VFTER 

OPERATIOX 

ATOKAGE 

BLOOD 
FLOAV, 
C.C. PER 
iaXUTE 

PULSE 

KATE, 

BEATS 

PER 

3IIXDTE 

RECTAL 

TEMPER- 

ATURE, 

DEGREES 

F. 

REMARKS 


23 hr. 

51.2 





31 hr. 

1 52.0 

130 

104 

Condition fair (average 
control flow, 52.3 c.c. 
per minute) 


48 hr. 

(2 days) 

51.6 

120 

103.2 



72 hr. 

(3 days) 

54 

120 

102.4 


80% digitoxin 

73 hr.. 


32 


Pulse rate 32, 20 minutes 
after injection 



38 


102.4 

6 hr. after injection of 
digitoxin 



m 

66 

1 

102.4 

i 

24 hr, after injection of 
digito.xin. Bigeminal 
pulse 


120 hr. 

(3 days) 

34.G 1 

82 1 


48 hr, after injection of 
digitoxin. Extrasys- 

toles 


144 hr. 

(G days) 

32.G 

70 

i 

1 

102.4 

74 hr. after injection of 
digito.xin. E e g u 1 a r 
pulse 


1G8 lir. 

(7 days) 

38 

i 

i 

i 

78 

103.1 

96 hr. after injection of 
digitoxin. Animal 
seems in good condi- 
tion 


192 hr. 

(8 days) 

38 1 

80 

102.6 

120 hr. after injection of 
digitoxin 


21G hr. 

(9 days) 

3G 

G6 



30% digitoxin 

217 hr. 






224 hr. 

(9 days) 

32.0 

6G 

102.2 

24 hr. after 2nd injec- 
tion digitoxin 


240 hr. 

(10 days) 

33 


103.2 

48 lir. after 2nd injec- 
tion digitoxin 


2G4 iir. 

(11 days) 

29.5 

G4 

102.4 

72 hr. after 2nd injec- 
tion digitoxin 

40% digitoxin 

2G5 hr. 






288 lir. 

(12 days) 

3G.8 

128 


Note rapid rate heart 


312 hr. 

(13 days) 

27 

G4 

101.8 

Jlaximal decrease of flow 
48% 


33G hr. 

(14 days) 

27.2 

G4 

102.2 

Extrasystoles. Dog seems 
in good condition 


m 

30.5 

■ 


Dog killed to stud 3 ' ra 3 ' 0 - 
cardium microscop- 

icall 3 ' 
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di'ug liRtl IJGcn in.iectccl the coronai'y blood flow was deci’eased to 105 
c.c. per minute. During tlio next four days the flow rose gradually 
to 132 c.c. per minute. 3’hc ex])crimenl, was ferminated when the wires 
to the thormostromuhr unit were broken within tlie tiioraeic cavity of 
the animal. The unit was removed from the coronary artery and the 
animal recovered completely. 



I'lp. .“i. — Docronf-o in cdronary hlood flow aftor inImlnlMtratlon of tnxfc (Iohor of 
(lIpK.'illfl. Tlio (lo.'-oj! of <ll(:ltnlls boilli's were Rpacial in an pndoavor to mafntnfti llin 
coronary' blood flow below the control level, HI.«toloKlo clmnfje.R wen; found In the 
in.vocardluni. 



lUf?. ■). — Docrenpo In coronary blond flow after ndnilnlstratlon of a slnple. toxic dope 
of dlpltalls. X'oto that the coronai-y blood flow returned to the preinjcctlon levels. 
The animal recovered completely. 


Fig. 3 and Table IV also show a decrease in coronai-y blood flow 
after the administration of toxic doses of digitalis (digitoxin). In this 
experiment, an endeavor was made to maintain the coronary blood flou' 
below the control level for a prolonged period (fourteen days). Fig. 
3 is self-explanatoiy. The animal was killed in an ether chamber on 
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the sixteenth day of the experiment so that the myocardium might be 
studied microscopically. Histologic changes -were observed in the left 
ventricular wall and in the intei’ventricular septum. These anatomic 
changes were similar to those described in the first paper of this series.^- 
Tliere was no evidence of occlusion of the coronary artery, either direethv 
Avithin the unit or elseAvhere along tlie course of the A'essel. 

In order to make more certain that the decrease of coronary blood 
flow Avas not caused by intravascular thrombosis Avithin tlie thermo- 

Table V 


Decrease in Coroxara' Blood Blow After the Injection of a Toxic Dose of 
Digitalis; Eeturn of Floav to the Approximate Control Leat:l 
After a Period of Days 


DRUG GIVEN 
INTRAVENOUSLY, 
PER CENT 

OF JIINIMAL 
LETHAL DOSE 

TIME 

OBSERA'ED 

AFTER 

OPERATION 

AVERAGE 

BLOOD 
FIAIAV, 
C.C. PER 

JIINUTE 

PULSE 
' RATE, 
BEATS 

PER 

MINUTE 

RECTAL 

TEMPER- 

ATURE, 

DEGREES 

F. ' 

REM.ARKS 



175 

106 

102.2 

Restless. Not basal 


48 hr. 

(2 days) 

100 

98 

102.2 




120 

so 

102.2 

Average = 113 c.c. per 
minute 


96 hr. 

(4 days) 

120 

S4 

1 

102.4 



120 hr. 

(o days) 

112 

48 

102.0 



128 lir. 

1^1 

54 



80% lanatoside 
A 

144 hr. 

(6 days') 


88 

100.0 

Vomited in morning 14 
hr. after injection of 
lanatoside A 

1 

1 

168 hr. 

(7 days) 

101 

■i 

101.6 

Restless — not basal flow. 


192 hr. 

(8 days) 

68 

46 

101.0 

Pulse regular 


216 hr. 

(9 days) 

72 

46 

101.6 

Bigeminal pulse 


240 hr. 

(10 days) 

72 

58 

101.2 

Bigeminal pulse 


264 Iir. 

(11 days) 

90 

49 

101.6 

Regular pulse. Restle.ss 


288 hr. 

(12 days) 

82 

1 


Animal in good condition 


.812 hr. 

(1.8 days) 

96 

50 

101.1 



.860 Jir. 1 

(1.5 days) 

100 

66 


Pul.se irregular (e.vtra- 
systoles) 


.884 hr. 

(16 days) 

100,1 

66 


Pulse irregular (c.xtra- 
systoles) 


17 days 




Wires broken to heater 
and thermocouple. Unit 
removed from vessel 20 
days after operation. 
Vessel patent. Animal 
recovered ; wound 

healed in few days 
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stromiilir unit, two old animals were given single toxic doses of digitalis, 
after which the measurements of blood flow were made daily until the 
values reached the preinjection readings. Fig. 4 and Tables V and VI 
give the results of these two experiments. Both animals recovered 
completely. No evidence of intravascular thrombosis was noted within 
the units ^Yhen the latter were removed from the coronary vessels. 

Our data do not permit a definite explanation for the behavior of the 
coronary blood flow in these two experiments. 

C. Ohservaiions on Blood Pressure, Pulse Rale, and Coronary Blood 
Floiv After the Administration of Toxic Doses of Digitalis. — No definite 


Table VI 

Decrease ix Coroxary Blood Flow of a Io-Kilograjc Dog After the Ixjectiox 
OF A Toxic Dose of Digitalis; Returx of Coroxary Blood Flow 
TO THE PKEINJECTIOX LEVEL AFTER A PfJHOD OF DAYS 


Blood prc.ssure and pulse rate are recorded 


OP. 

9/25/40 
10;. 30 A..M. 

DRUG GIVEX 
IXTR.VVEXOUSLY, 
PER CENT 

OF MIXI.MAL 
LETHAL DOSE 

AVERAGE 

BLOOD 
FIX)W, 
r.C. PER 
MIXUTE 

BLOOD 

PRES- 

sruE, 

JIM. 

HG 

PULSE 

RATE, 

BEATS 

PER 

MIXUTE 

RECTAL 

TEMPEl!- 

ATURE, 

DEGREE.S 

F. 

REMARKS 

9/20/40 
10:30 a.m. 


128 


lOS 

103.0 

Anii.ial re.stless 

9/27/40 


110 


98 

103.4 


9/28/40 
12:00 m. 


108 


76 

102.2 

Animal quiet 

9/29/40 
2:30 p.m 


108 


82 

102.4 

Re.stless 

9/30/40 
12:00 ni. 

80% digifoline 

122 

223/110 

82 

102.2 

Restless 

9/30/40 


69 



102.2 


10/ 1/40 

1 :30 p.m. 


70 

157/100 


101.8 

Quiet 

10/ 2/40 
2:00 p.m. 


72 

187/102 

62 

101.8 


10/ 3/40 
2:00 p.m. 


85 

204/100 

76 



10/ 4/40 
2:00 p.m. 


84 

192/99 

66 

102.0 

Animal in excellent 

1 leal til 

10/ 5/40 
2:00 p.m. 


9G 


72 

101.8 


10/ 6/40 
2:00 p.m. 


113 


68 

102.0 


10/ 7/40 
2:00 p.m. 


123 


70 



10/ 8/40 
2:00 p.m. 


122 

215/104 

70 


Animal quiet; re- 
povered 




225/117 

123 






205/117 

147 




80% digifoline 









138/92 

147 



11/ 1/40 



206/95 







191/104 







226/112 

63 
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correlation could be established between the blood pressure or pulse rate 
and the decrease of coronary blood flow after the administration of 
toxic doses of digitalis to trained dogs. 

Table III shows that the blood pressure two days after injection of a 
toxic dose of digitalis (80 per cent of the minimal lethal dose of digalen) 
was approximatelj" the same as the control reading although the eor- 
onarj^ blood flow had not yet returned to the preinjection value. The 
pulse rate during the preinjection recording of blood pressure was ap- 
proximately the same as it was two daj^s after the toxic dose of digi- 
talis had been administered. 

In one case there was a lack of significant change in blood pressure 
two days after a toxic dose of digitalis (80 per cent of minimal lethal 
dose of digalen) had been administered. The blood pressure before 
injection was 228/128 (pulse rate = 132 per minute) ; two days after 
the injection it was 214/121 (pulse rate = 96 per minute). Measure- 
ments of coronary blood flow were not made in this ease. 

Table II shows that there was a decrease of pulse rate after the 
injection of a calculated therapeutic dose of digitalis (30 per cent of 
the minimal lethal dose of digitoxin), but no further decline of pulse 
rate occurred when a toxic dose of digitalis (63 per cent of the minimal 
lethal dose of digitoxin) was administered to the animal. The blood 
pressure was 171/98 the day before the toxic dose was given, and 178/93 
the daj^ after the toxic dose had been administered. Although the 
blood pressure did not change significantly, the coronary blood flow 
■was decreased from 96 to 61 c.c. per minute on the day these measure- 
ments of blood pressure ^vere made. In this experiment the pulse rate 
feU from 126 to 66 per minute. 

Table VI shows a decrease of blood pressure on two occasions after 
toxic doses of digitalis had been given. On the first occasion the blood 
pressure wms 223/110, and coronary blood flow, 122 c.c, per minute, 
before the digitalis wms administered. The day after the injection of 
80 per cent of the minimal lethal dose of digiloline the blood pressure 
feU to 157/100, and the coronary blood flow wms decreased to 70 c.c. 
per minute. The change in blood pressure "was primarily in the systolic 
level; the change in the diastolic pressure wms not very significant. On 
the second occasion the fall of blood pressure was more striking. A 
month was permitted to elapse betiveen the first and the second injec- 
tion of digitalis. The blood pressure ivas 205/117 (pulse rate — 147 
per minute) before the second injection of 80 per cent of the minimal 
lethal dose of digifoline; the pressui'C fell to 138/92 (pulse rate — 147 
per minute) the day after the administration of the drug. 

A series of control readings of blood pressure Avere made on an animal 
over a period of seventeen days (Table VII); then a toxic dose of 
digitalis (80 per cent of the minimal lethal dose of digifoline) was 
injected intravenously. No significant change in the blood pressure w'as 
observed during the next thirty days. The pulse rate values are also 
recorded in Table VII. 
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Table VII 


Blood Pressure and Pulse Bate Before and After the Injection of a ' 

Toxic Dose op Digitalis 


date observed 

BLOOD PRESSURE, 
JIM. HG 

PULSE RATE, 
BEATS PER 
MINUTE 

BODY 

TEJIPERATURE, 
DEGREES F. - 


219/104 

104 

102.G 


215/105 

105 

101.2 


209/11 G 

124 

101.8 

9/25/40 

225/109 

105 

102.0 

9/27/40 

213/110 

105 

101.2 

10/ 2/40 

222/109 

108 

101.8 

10/ 5/40 

221/114 

129 

102.0 

10/ 7/40 

1 80% of minlnial lethal dose of digifoline intravenously 

10/ 8/40 

229/110 

9G 

101.0 

10/10/40 

231/117 

90 

101.8 

10/15/40 

209/124 

150 

lOl.G 

10/22/40 

184/100 

148 

101.6 

10/31/40 

20G/9G 

9G 

102.0 

11/ 7/40 

204/100 

117 

101.2 

11/12/40 

247/109 

114 

102.0 

11/20/40 

204/llG 

111 

101.8 

11/27/40 

214/103 

102 

102.0 

12/ 4/40 

209/103 

102 

101.0 

12/ 9/40 

220/103 

93 

101.2 


COJIMENT 

One of the most likely sources of error in these experiments is in 
estimating the dose of digitalis for the dog which will correspond to 
any given dose of the drug in man. It is to be remembered that the 
dog is less sensitive to digitalis than the cat, and probably also is less 
sensitive to the drug than man. For the lack of a better method, we 
have expressed the quantity of digitalis in terms of the minimal lethal 
dose for the dog. Sources of error in the technical procedure involved 
in the thermostromuhr method of measuring coronaiy blood flow were 
minimized as much as possible. The units were selected and calibrated 
carefully. They were applied snugly to the coronary artery and 
anchored securely to avoid compression of the vessel. 

Control readings were made after the animals had recovered from the 
immediate effects of the operation and were observed to be free from 
significant postoperative complications. The body temperature and the 
cardiac rate were recorded in all cases. Estimations of blood pressure 
were made in some cases in order to ascertain whether variations in 
systemic pressure might be contributing to the changes in coronary 
blood flow. 

The individual measurements of the coronary blood flow were often 
checked by independent observers and the results compared. 

Care was taken to have the animal in as nearly a basal state as 
possible before each final measurement of the coronary blood flow was 
made each day. If the animal was restless, the measurements of cor- 
onary blood flow were variable and unsatisfactory. 

We wish to avoid an error in the interpretation of our experiments 
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by stating that we are uncertain of the mechanism by which the cor- 
onary blood flow is decreased by toxic doses of digitalis or is main- 
tained at a level below the control readings for periods of daj’s. 

SUAIAIABT 

Calculated therapeutic doses of digitalis did not produce a significant 
change in the coronary blood flow of the dog. This confirms the results 
of Essex, Herrick, Baldes, and Mann.-® 

Calculated toxic doses of digitalis decreased the coronary blood flow 
of dogs four to six hours after the drug had been administered. The 
diminution of flow persisted for several days after a single toxic dose 
of the drug. 

No myocardial le.sions were observed after a therapeutic dose of digi- 
talis, nor were they observed in one animal which received a toxic dose 
of digitalis. In the latter animal the coronary blood flow returned to 
the preinjeetion level within tAvo days. 

Myocardial lesions Avere obseiwed in one animal in A\diich the coronary 
blood floAv Avas kept Avell beloAV the control level for tAvelve days by 
repeated injections of digitalis (toxic range). 

The diminution of coronary blood Aoav after the injection of toxic 
doses of digitalis could not be correlated consistently Avith changes in 
the pulse rate or systemic blood pressure. 

After the injection of toxic doses of digitalis the coronary blood floAv 
returned to the control IcA'el in several experiments, and the animals 
recoA-ered completely. 
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EXPERIMENTS WITH CALCULATED THERAPEUTIC AND 
TOXIC DOSES OP DIGITALIS 

IV. Effects on the Cellular Structure of the Central Nervous 

System* 

William H. Dearing, M.D.,t Arlie R. Barnes, M.D.,t 
James W. Kernohan, M.D.,$ and PIiram E. Essex, Ph.D.§ 

Rochester, Minn. 

T he purpose of the following studies was to ascertain whether thera- 
peutic and toxic doses of digitalis are capable of producing demon- 
strable histologic changes in the brain and spinal cord of experimental 
animals. It is well known that digitalis in toxic amounts may produce 
transitory psychoses and other signs of cerebral disturbance among 
elderly patients. The question is raised whether some of' these cerebral 
.symptoms may not have their origin in structural as well as functional 
changes in the nerve cells of the brain. 

literature 

Withering, 1 who was the first phj^sician to describe adequately the 
clinical use of digitalis, observed that the drug in toxic amounts affected 
the nervous .system. He stated, “The foxglove when given in very 
large and quickly repeated doses, occasions siclmess, vomiting, purging, 
giddiness, confused vision, objects appearing green or yellow; increased 
secretion of urine, with frequent motions to part with it, and some- 
times inability to retain it; slow pulse, even as slow as 35 in a minute, 
cold sweats, convulsions, s.yncope, death.” 

Since this publication, numerous writers have called attention to 
cerebral symptoms among patients who have received digitalis. Duro- 
ziez“ reported twenty cases of “coma digitaliques. ” HalP’ ^ described 
hallucinations and delirium in two patients who had received digitalis. 
Mackenzie'’ referred to headaches as the most frequent effect of digitalis 
on the central nervous system; he described several patients who ex- 
hibited “curious cerebral attacks.” Hamburger,® in a study of five 
patients who had “acute cardiac ps.vchoses,” concluded that digitalis 
may contribute to a confusional state in patients whose circulation al- 
ready is embarrassed severely. Carr' reported two cases of delirium 
caused by digitalis, and pointed out several important features on 
which the diagnosis depended. Plummer® warned against the over- 

•Abrlclgment of portion of tlic-si.*! .submitted by Dr. Dcarincr to the Faculty of the 
Graduate Scliool of the Univer.sity of Minne.sota in partial fulfillment of tlic requirc- 
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digitalization of cldcrlj^ patients. He attributed some of tlie deatlis of 
patients suffering from cardiac disease to the to.xie action of digitalis 
on the central nervous system. Christian,” Pealiody,’” and Conner” 
expressed similar opinions regarding the cerebral toxic effects of digi- 
talis. Weiss'- observed six instances of toxic jisychoses among tliree 
lumdred patients who received "up to toxic doses of digitalis.” He 
attributed the psychosis to a sudden change of the cerebral circulation 
and to the iihysiocliemical changes associated with the removal of large 
amounts of edema from the brain. Willius'^ called attention to the 
ominous nature of manifestations in the central nervous system after the 
administration of toxic doses of digitalis. Luten’'* stated that it was 
an open question whether the cerebral manifestations of digitalis intoxi- 
cation were dependent on cerebral vascular effeets or on direct action 
of digitalis on the brain. 

We are not aware of any anatomic studies on the central nervous 
system of man or animals after the administration of toxic doses of digi- 
talis. 


METHODS 

The seme aniiiuihs on which tlie anatoinic sfudio.s on tlie inyocarcliumi5 were made 
constituted the source of material for the-'^e histologic studies of the brain and 
spinal cord. 'J'lierefore, wo need not review the dettiils of the general experimental 
procedures. 

It is ncce.csnry, however, to discuss the methods employed in studying the cellular 
structure of the central nervous .system of these experimental animals. As we 
stated in a previous paper, is tlio cats were killed at various intervals after the 
administration of different doses of digitalis by placing Die animals in an ether 
or cliloroform chamber. Tlie brain and .spinal oord were removed ns rapidly ns 
possible. The entire brain was immer.eed in a 10 per cent solution of formalin 
for forty-eight hours; tlicn small blocks of tissue were removed from the following 
regions: the left frontal cortex, the left motor cortex, the loft visual cortex, the 
pons, and the cerebellum. These block.s of brain tissue were again immersed in a 
10 per cent solution of formalin, and allowed to remain for forty-eight hours or 
more before they were sectioned and finally stained with cresyl violet. Small blocks 
of the cervical, thoracic, and lumlmr portions of the spinal cord wore treated 
similarly. 

Care was taken not to use the brain of any animal on which necropsy was not 
performed immediately' after the animal died or was killed. As a rule, only a 
few minutes elapsed from the time the animal died until the brain was in a 10 
per cent solution of formalin. 

The brains and spinal cords of twenty control cats were prepared and studied 
in a manner similar to that described for the experimcnttil animals. 

RRSUI/l'S 

A. Ilistolocjic Shidics on the Brain and Spinal Cord of the Control 
Animals . — Tlie twenty eoulrol animals seeincel lo be in good healtli be- 
iore they were killed. No macroscopic abnormalities were observed in 
the brain or spinal cord of tiny of them. INIicroseoiiic studies of the 
frontal, motor, and visual cortex revealed scattered, occasional, smtill 
pyramidal cells which appeared to be degenerating. There were, how- 
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ever, no zones of obvious necrosis and extensive degeneration sucii as 
were seen in some of the animals which received digitalis. No degenera- 
tive changes were observed in the larger pyramidal cells of the cerebral 
cortex. No evidence of cellular degeneration was seen in the cerebellum, 
pons, or spinal cord. The blood vessels of the central nervous system 
seemed to be free from histologic evidence of arteriosclerosis. 

B. Histologic Studies on the Brain and Spinal Cord of Animals Which 
Had Beceived- Calculated Therapeutic Doses of Digitalis. — Two types of 
experiments were designed to ascertain the effects of calculated thera- 
peutic doses of digitalis on the cellular structure of the central nervous 
system. To one group of animals (Group A), the calculated therapeutic 
amount of the drug was administered in a single dose within a period 
of two to three minutes, or it was given in divided doses over a period 
of twenty-four to fort.y-eight hours. The brain and spinal cord were 
examined microscopically from six to fifty-six daj'S after the drug had 
been administered. ‘ To the other group of animals (Group B), the cal- 
culated therapeutic dose of digitalis Avas administered as in Group A, 
but, in addition, an estimated daily maintenance dose of the drug was 
given to the animals over a period of nineteen to sixty days. The daily 
maintenance dose for the cat Avas estimated on the basis of body Aveight 
to correspond to 1 or 2 cat units for a man Aveighing 70 kg.^® The 
brain and spinal cord of the animals in Group B also Avere examined 
histologically nineteen to sixty days after the administration of the 
digitalis had been started. 


Table I 

Calcul.ated Therapeutic Doses op Digitalis axd Duration of the Experijient 


Group A 


DRUG USED 

DOSE, 

PER CENT 
OF MINI.AIAL 
LETHAL DOSE 

METHOD OP ADMINISTRATION 

duration OF 

EXPERIMENT, 

DAYS 

Lanato.side A 

20 

Single dose, intravenous 

14 

Digalen 

.SO 

Single dose, intravenous 

G 

Lanato.side C 

.SO 

Single dose, intravenous 

11 

Digitoxin 

.SO 

Single dose, intravenous 

11 

Ijaiiato.side A 

.SO 

Single dose, intravenous 

12 

Lanatoside A 

30 

Divided doses (48 hr.), intramuscular 

12 

Lanato.side A 

30 

Divided doses (48 hr.), intravenous 

12 

Digalen 

30 

Single dose, intravenous 

14 

Digitoxin 

30 

Single dose, intravenous 

14 

Lanatoside A 

30 

Single dose, intravenons 

18 

Lanatoside A 

30 

Single dose, intravenous 

21 

Digifortis 

30 

Single dose, oral 

5G 


In Groui) A tliere Avei'e tAvelA'e cats (Table I). No anatomic changes 
Avere found in the binin and spinal cord of any of the animals Avhich 
had received calculated therapeutic amounts of digitalis, either in single 
or divided doses. 

In Group B tliere Avere eleA'en cats (Table II). The object of the 
experiments in this group Avas to aseertnin whether demonstrable mor- 
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Table II 

D^ULY Administration of the Equivalent of 1 or 2 Cat Units of Digitalis to 
Cats Digitalized Pre\uously' With 30 Per Cent of AIinimal Lethal Dose, 


Group B 


DRUG USED 

EQUn'ALENT 
daily dose, 
CAT units 

METHOD OF ADMINISTRATION 

DURATION OF 

experiment, 

DAYS 

Digfilen 

1 

Intravenous 

19 

Digifortis 

1 

Oral 

19 

Digifortis 

1 

Oral 

30 

Dignlcn 

1 

Intravenous 

34 

Laiiato.side A 

1 

Intravenous 

3C 

Digiglusin 

o 

Intravenous 

20 

Digifortis 

o 

Oral 

30 

Digalcn 

o 

Intravenous 

30 

Laiiatositlc A 

o 

Intravenous 

30 

Digalen 

o 

Intr.avenous 

40 

Digifortis 

<1 

Oral 

GO 


phologie changes Avoiild develop in the central nervous system of digi- 
talized animals which received daily maintenance doses of the drug 
within the range of doses used in man. Five of the animals whicli were 
digitalized with calculated tlierapeutie doses of digitalis (30 per cent 
of the minimal lethal dose) received daily maintenance doses that were 
estimated to bo approximately equivalent, on the basis of the body 
weight of the cat, to 1 cat unit daily for a man weighing 70 kg. The 
remaining six animals were also digitalized with 30 per cent of the 
minimal lethal dose of the drug, and then given daily the estimated 
equivalent of 2 cat units. Tlie body weight of the cat and that of a 
70-kilogram man were again used as the basis for the calculations. 

No definite cellular changes develojied in the brain or spinal cord of 
any of the animals in Hroup B, even wiien the drug was administered 
daily for two months. 

Drowsiness or other recognizable signs of disturbance of the central 
nervous system were not oliserved in any of the cats in Group A or B. 

C. Hisiologic Studies on the Brain and Spinal Cord of Animals Which 
Had Beceived Toxic Doses of DigUalis. (a) Observations correlating 
dosage, duration of exiieriment, and histologic studies — As has been 
stated elsewhere,'"’ groujiing the animals in this series was difficult, for 
the number of animals was rather large, and the manner in which the 
different digitalis bodies wore administered varied considerably. In order 
to simplify the presentation, the animals were arranged in two major 
gi’oups: (1) Group Aj, tliose animals which received single toxic doses 
of digitalis and subsequently had the brain and spinal cord examined 
microscopically after various periods; (2) Group B^, those animals 
which received multiple doses of digitalis in various toxic amounts over 
different periods and then had tlieir central nervous systems subjected 
to histologic studjL 

Table III shows the amounts of the various single doses of digitalis 
bodies, the route of administration, the duration of the experiment after 













Table III 


COIiRELATIOK OF SiXGLE TOXIC DOSE OF DIGITALIS, DURATION OP THE EXPERIMENT, 
AND Histologic Study op the Central Nervous System ’ 


Group A, 


drug used • 

DOSE, 

PER 

CENT 

OF 

METHOD OF 
ADMINISTRA- 
TION 

duration 

OF 

HISTOLOGIC CHANGES 


MINI- 

MAL 

LETHAL 

DOSE 

EXPERI- 

MENT 

CEREBRUM 

CERE- 

BELLUM 

PONS 

SPIXAL 

CORD 

Digalen 

40 

Intravenous 

12 davs 

No 

No 

No 

No 

Diericlusin 

40 

Intravenous 

12 days 

No 

No 

No 

No 

Lanatoside A 

40 

Intravenous 

12 daj's 

- 

- 

- 

- 

Lanatoside C 

50 

Intravenous 

11 days 

No 

No 

No 

No 

Digi toxin 

50 

Intravenous 

13 days 

No 

No 

No 

No 

Lanatoside A 

50 

Intravenous 

14 days 

No 

No 

No 

No 

Digalen 

50 

Intravenous 

15 daj'S 

No 

No 

No 

No 

Digitoxin 

00 

Intravenous 

12 hours 

- 

- 

- 

- 

Lanatoside C 

GO 

Intravenous 

0 days 

No 

No 

No 

No 

Lanatoside A 

GO 

Intravenous 

10 daj'S 

No 

No 

No 

No 

Digitoxin 

60 

Intravenous 

10 days 

Yes • 

Yes 

No 

- 

Lanatoside C 

GO 

Intravenous 

11 days 

Yes 

Yes 

No 

No 

Digiglusin 

60 

Intravenous 

] 2 days 

No 

No 

No 

No 

Digalen 

GO 

Intravenous 

14 days 

No 

No 

No 

No 

Digalen 

GO 

Intravenous 

15 days 

No 

No 

No 

No 

Lanatoside A 

GO 

Intravenous 

15 days 

No 

No 

No 

No 

Digitoxin 

70 

Intravenous 

4 daj'S 

No 

No 

No 

No 

Lanatoside C 

70 

Intiavenous 

11 days 

No 

No 

No 

No 

Digiglusin 

70 

Intravenous 

12 days 

Yes 

Yes 

No 

No 

Digiglusin 

7;*) 

Intravenous 

3 days 

No 

No 

No 

No 

Digiglusin 

7o 

Intravenous 

9 days 

~ 

- 

- 

- 

Lanatoside A 

7o 

Intra'-cnous 

12 days 

Yes 

Yes 

Yes 

Ye.s 

Digiglusin 

so 

Intravenous 

39 min. 

- 

- 

- 

- 

Lanatoside A 

so 

Intravenous 

3 liours 

- 

- 

- 

- 

Lanatoside A 

so 

Intravenous 

4 hours 

- 


- 

- 

Lanatoside A 

so 

Intravenous 

G4 hours 

- 

_ 

- 

“ 

Digalen 

so 

Intravenous 

1 dav 

No 

No 

No 

No 

Lanatoside A 

so 

Intravenous 

2 davs 

- 

- 


- 

Lanatoside A 

so 

Intravenous 

3 davs 

No 

No 

No 

No 

Digalen 

so 

Intravenous 

4 days 

No 

No 

No 

No 

Lanatoside A 

so 

Int7•a^'enous 

5 davs 

No 

No 

No 

No 

Digitoxin 

so 

Intravenous 

G days 

Yes 

Yes 

Yes 

Yes 

Lanatoside A 

so 

Intravenous 

7 davs 

No 

No 

No 

No 

Lanatoside A 

so 

Intravenous 

S days 

Yes 

Yes 

Yes 

Yes 

Lanatoside C 

so 

Intravenous 

9 days 

No 

No 

No 

No 

Lanatoside A 

so 

Intravenous 

10 days 

No 

No 

No 

No 

Lanatoside A 

80 

Intravenous 

10 days 

No 

No 

No 

No 

Lanatos’de C 

so - 

Intravenous 

1 1 days 

No 

No 

No 

No 

Lanatoside A 

so 

Intravenous 

12 days 

Yes + + + 

Yes + + 

Yes + 

± ? 

Digalen 

so 

Intravenous 

12 days 

- 

“ 

- 

- 

Digiglusin 

so 

Intravenous 

12 davs 

? 

iNo 

No 

No 

Lanatoside B 

so 

Intravenous 

12 davs 

Yes + -}- + -i- 

Y'^es + + 

Yes-f-f 

Y'es-i- 

Digitoxin 

so 

Intravenous 

12 davs 


- 


- 

Tincture 

digitalis 

so 

Intravenous 

12 days 

No 

No 

No 

No 

Digifortis 

so 

Oral 

] 3 days 

? 

No 

No 

No 

Lanatoside A 

so 

Intravenous 

14 davs 

No 

No 

No 

“ 

Digalen 

so 

Intravenous 

14 days 

No 

No 

No 

No 

Lanatoside A 

so 

Intravenous 

IG davs 

Yes 

Yes 

Yes 

No 

Digalen 

so 

Intravenous 

17 davs 

Yes 

Yes 


- 

Lanatoside A 

so 

Intravenous 

2.1 davs 

No 

No 

No 

No 

Lanatoside A 

so 

Intravenous 

23 days 

Yes 

Yes 

Yes 

Yes 

Digalen 

so 

Intravenous 

24 dav.s 

Yes 

Yes 

Yes 

Yes 

Digalen 

so 

Intravenous 

30 davs 

No? 

No 

No 

No 

Lanatoside A 

so 

Intravenous 

30 davs 

No? 


— 

" 

Digalen 

so 

Intravenous 

42 davs 

No? 

No 

No 

- 

Digalen 

so 

Intravenous 

GO days 

No 

No 

No 

No 
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the drug was administered, and the results of the histologic examination 
of several parts of the central nervous system. The data summarized 
in this table indicate the following; 

1. No significant anatomic changes were observed in the brain and 
spinal cord after the administration of either 40 or 50 per cent of the 
minimal lethal dose. 

2. Cellular changes Averc observed in the cerebral cortex and in the 
cerebellum in two of eight cats Avhich had received 60 per cent of the 
minimal lethal dose. 

3. When the dose was raised to 70, 75, or SO ])er cent of the minimal 
lethal dose, the frequency of cellular eiianges increased. 

4. Regardless of the size of any single dose of the drug, no definite 
cerebral lesions were seen during the first five days. 

5. AYlien histologic changes occurred after the administration of single 
doses of digitalis, they were almost always present between the sixth 
and the twelfth day. 

6. The cellular changes in the central nervous system were produced 
liy digitalis Avholc leaf or crystalline products of digitalis (digitoxin, 
lanatoside A, B, and C). 

7. Lesions did not develop in the brains of all the animals which 
received toxic doses of digitalis, oven Avhen the duration of the experi- 
ment was six days or more (tliat is, within the period during which 
lesions are producilile). 

Although it is interesting to know the minimal* amount of digitalis 
which Avill produce degenerative changes in the central nervous system 
when the drug is given in a single dose, it is more im])orlant from the 
standpoint of clinical aiijilication to ascertain the minimal amount 
which will cause damage of the nerve cells when the drug is admin- 
istered daily over a given period, as in treating ]iatients. With this 
idea in mind, a series of animals was digitalized with 30 per cent of the 
minimal lethal dose and then subjected to estimated daily doses of digi- 
talis within the toxic range. 3'hc.se daily doses were estimated in the 
manner described in a jn-evious pajier;’® instead of administering the 
daily equivalent of 1 or 2 cat units, the animals were given daily amounts 
corre.sponding to 3, 4, 5.5, or 6 cat units (let it be recalled again that 
the body Aveight of the cat and tiiat of a 70-kilogram man Avcrc used 
as the basis for these calculations). 

Tabic IV summarizes the relation betAA'cen these various daily toxic 
doses of digitalis, administered OA'cr different periods, and the histologic 
studies of the brain and s]nnal cord. The folloAving observations are 
indicated in Table IV: 

1. Definite evidence of cellular degeneration Avas observed in the cen- 
tral nervous system of seven of eleven animals. In one animal the 
changes AA'ere not very prominent. In three cats no distinct cerebral, 
cerebellar, pontine, or spinal cord lesions Avere oliscrved. 

2. Three animals Avere found dead. Their central nervous systems 
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Table IV 

CORKELATIOX OF THE HISTOLOGIC STUDIES OF THE CENTRAL NERVOUS SYSTEM, THE 

Duration of the Experiment, and the Daily Administration of the 
Equivalent of 3, 4, 5.5, or 6 Cat . Units of Digitalis to Cats 
Digitalized With 30 Per Cent of the Minijial Lethal Dose 


Group B, 


DRUG USED 

DAILY 

EQUIA'A- 

LENT 

DOSE, 

method of 

ADMINISTRA- 

TION 

DURATION 

OF 

expert- 

HISTOLOGIC CHANGES 



CAT 

UNITS 

i y 

DAYS 

CERE- 

BRUM 

CERE- 

BELLUJI 

PONS 

SPINAL 

CORD 

Digitoxin 


Intravenous 

0 

Yes 

Yes 

Yes 

Yes 

Digifortis 


Oral 

11 

- 

- 



Tincture 

3 

Intravenous 

13 

— 

- 

- 

- 

digitalis 








Tincture 

3 

Intravenous 

14 

No 

No 

No 

No 

digitalis 








Tincture 

o 

•J 

Intravenous 

IS 

No 

No 

No 

No 

digitalis 








Lanatoside A 

n 

.■» 

Intravenous 

25 

Yes 

Yes 

? 

1 

Lanatoside A 


Intravenous 

25 

Yes 

Yes 

Yes 

Yes 

Lanatoside C 


Intravenous 

30 

No 

No 

No 

- 

Digiglusin 


Intravenous 

7 

Yes 

Yes 

No 

No 

Digifortis 


Oral 

14 

- 

- 

_ 

- 

Digifortis 


Oral 


Yes 

Yes 

Yes 

Yes 

Digifortis 


Oral 


Yes 

Yes 

Yes 

- 

Lanatoside A 

5.5 

Intravenous 


Yes 

Yes 

Yes 

Yes 

Dicifortis 

G 

Oral 

30 

■ Yes 

Yes 

Yes 

- 


were not removed for microscopic examination, for we did not wish to 
have our studies confused by uncontrolled post-mortem changes. 

(b) Cellular clianges observed in the central nervous sy.stem after the 
injection of toxic doses of digitalis. — It should be recalled that calculated 
therapeutic doses of digitalis did not produce any significant anatomic 
changes in the central nervous .system. 

Toxic doses of digitalis, as indicated in Tables III and IV, did pro- 
duce degenerative changes in the central nervous .system. The exten- 
siveness and intensity of the cellular changes varied with the amount 
of digitalis, the manner in which it Avas administered, and the age of 
the animal. As a rule, the higher the do.se of digitalis, the grealcr ivas 
the histologic change in the central nciwous .system. This ob.sciwation, 
hoAVCA'cr, Avas modified chiefly by tAA’o factors: (1) the lesions Averc more 
extensiA'e after the admin i.stration of I’epeated doses of digitalis in the 
toxic range than after the administration of single toxic do.ses; (2) the 
older the animal, the more likely one A\'as to observe cellular changes in 
the brain. 

The frequency and intensity of the cellular changes varied in different 
jiarts of the central nervous sy.stem. Lesions Avere most likely to be 
found in the cerebral cortex, and least likely to be observed in the 
siiinal cord. Although the degeneratiAT changes Avere extensive in the 
cerebral cortex at times, they Avere ncA'cr very jirominent in the .spinal 
cord. The Purkinje cells in the cei’ebellum shoAved evidence of degen- 
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cration when cortical lesions were prominent. The frequency of cellular 
degeneration in the pons was greater tlian in the spinal cord, hut it was 
definitely less than in the cerebral cortex. 

The cortical degenerative changes tended to occur in .small groujis of 
cells. Groups of degenerating pyramidal cells (large and small) were 
frequently surrounded by anatomically normal cells. This may have 
some .significance when one considers the manner in which the arterial 
branches from the meninges supply limited zones of cortical tissue. Camp- 
lielP’’ has adequately described this distribution of the cortical blood sup- 
])ly in the cat. At times the cortical lesions were extensive, and the degen- 
eration involved the majority oi‘ the cells. Animals which .showed these 
e.xtensive and advanced lesions of the central nervous system were 
obviously ill (drowsy, anoretic, spastic, and so forth). 





/■' 



Pig. 1. — Drawing of non’c colls from the cat. Top row, left: normal pyramiflal 
i I fi'oiii cortex : top row, center : vacuolization in cortical pyramidal ceil ; top row, 
pgnt; advanced degeneration in cortical pyramidal coll; bottom row, left: pyknosis 
m cortical pyramidal cel); bottom row, center; .satellito.sis in cortical pyramidal cell; 
bottom row, right; degeneration in cerebellar Purkinje cell. 
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The following types of significant and definite changes were noted 
in the cerebral cortex after toxic doses of digitalis had been given : 

1. Swollen cells. The pyramidal cells became enlarged; the normal 
concave contours between the individual processes were replaced by 
less concave contours or b.v convex outlines; the cytoplasm usually ac- 
cepted the stain poorljL 

2. Vacuolization. The cytoplasm became rather obviously filled with 
vacuoles (Fig. 1). These replaced the tigroid Nissl substance of the 
normal pyramidal cell (Figs. 1 and 2). 

3. Degeneration. The cytoplasm underwent vacuolization, degenera- 
tion, and, finally, liquefaction. Wlien the cytoplasm of the cell had been 
completely liquefied, one saw only a ghost area in the cortex in which the 
cell had once been located. Fig. 1 illustrates one of the stages in" this 
process of degeneration. 

4. Pyknosis. The cjdoplasm slirank and stained more or less uni- 
formly and deeply with cresyl violet (Fig. 1). 

5. Satellitosis. The degenerating pyramidal cell was surrounded by 
small oligodendroglial cells (Fig. 1). 

There was nothing specific about the character of tliesc cellular 
changes. They have been described by many authors in various anoxic 
conditions (see literature in the sixth paper of this series). 

Degenerative changes were seen also in the Purkinje cells of the cere- 
bellum. Fig. 1 shows a Pui’kinje cell which was undergoiiig degmiera- 
tive change. 

Similar degenerative changes occurred in tlie neurons of tlm pons and 
the spinal cord, but the lesions were not striking or extensive. Of the 
portions of the central nervous system which were examined, the cerebral 
cortex (Fig. 3) was the most vulnerable to toxic doses of digitalis. 

If the animal did not die from the toxic dose or doses of digitalis, it 
recovered completely. It was difficult to recognize anatomic changes 
in the brains of the animals thirty to sixty days after they liad received 
a toxic dose of digitalis and had recovered. 

(c) The factor of age in the production of cerebral lesions. — ^As in the 
case of the myocardial lesioms,’-’' the older animals were more prone than 
the younger ones to manifest degenerative changes i)i the pyramidal 
cells of the cerebral cortex al'ter they had been given toxic doses of 
digitalis. This difference in the I'caction to digitalis could not be ac- 
counted for by arteriosclerosis iii the older animals, for no evidence of 
this disease was found in either the arteries or the arterioles of any of 
the experimental animals. 

(d) Observations on signs of intoxication of the central nervous 
system in cats treated with digitalis. — ^Drowsiness and, at times, ataxia, 
with spastic reficxes, were noted in .some of the animals from the fifth 
to the fourteenth day. Several animals died of respiratory failure, 
which had been preceded by Cheync-Stokes respirat ion. If the digitalis 
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did not cause death by respiratory failure or cardiac failure, the animals 
recovered, and, to all intents and purposes, were normal. 



Fig. 2. — Normal pyramidal cell in the motor cortex of control cat. Note the distribu- 
tion of the Nissi substance (X450). 



Pig. 3. — Advanced degeneration of the pyramidal cells of the motor cortex twelve 
days after the injection of a toxic dose of digitalis (75 per cent of the minimal lethal 
dose of lanatoside A). The animal was drowsy and exhibited spastic reflexes before 
It was killed (X450). 
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suai:mary 

No significant cellular changes -w-ere observed in the brain and spinal 
cord after the administration of calculated therapeutic amounts of digi- 
talis (30 per cent of the minimal lethal dose) in single or in divided 
doses. The histologic studies were made after a minimum of six days 
and a maximum of fifty-six days. 

No cellular changes were produced in our experimental animals when 
they were digitalized rapidly with a calculated therapeutic dose of 
digitalis and then were given maintenance doses of the drug which were 
estimated to correspond to either 1 or 2 cat units for a man weighing 
70 kg. The histologic .studies were made after a minimum of nineteen 
days and a maximum of sixty days. 

In our experiments. 60 per cent of the minimal lethal dose was the 
smallest amount which, when given as a single dose, produced definite 
evidence of cellular degeneration in the cerebral cortex. This dose of 
digitalis was in the toxic range. 

The frequency with which lesions of the central nervous system oc- 
curred increased as the size of the .single dose of digitalis was increased 
to SO per cent of the minimal lethal dose. 

Cerebral lesions were not observed i;ntil six or more days after single 
toxic doses of digitalis had been administered. 

Histologic changes were not obseiwed in the central nervous systems 
of all of the animals which had received toxic amounts of digitalis, even 
when the quantity of the drug was 80 per cent of the minimal lethal 
dose. 

Degenerative changes were produced in the central nervous .system 
when the animals were digitalized rapidly with a calculated therapeutic 
dose of digitalis and then were given daily quantities of the dimg which 
were estimated to correspond to 3, 4, 5.5 or 6 cat units for a man 
weighing 70 kg. The equivalent of 3 cat units daily of parenterally 
admini-stered digitoxin caused lesions in the brain and spinal cord 
within five days in one animal, and a corresponding daily dose of orally 
administered tincture of digitalis produced cellular changes in the central 
neiwous system within eleven days in one animal. The central nervous 
systems of the digitalized animals in the group which had received 
daily doses of digitalis in the toxic range were examined microscopically 
after a minimum of five days and a maximum of thirty days. 

The cellular changes in the brain after the administration of digitalis 
were not specific. The following cellular alterations were observed in the 
large and small pjTamidal cells of the cerebral cortex; swelling of the cell 
l)ody; vacuolization of the cytoplasm; vai-ying grades of cytoplasmic and 
nuclear degeneration, rip to complete liquefaction of the cell; pyknosis 
of the cells: and cellular degeneration plus satellitosis. 

The cerebral changes often occurred in localized zones, with normal 
cortical cells in the surrounding ti.s.sue. The le.sions were at times difiuse 
when largo doses of digitalis had been administered. 
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Old animals were more prone than young ones to manifest cerebial 
lesions after the administration of digitalis. This difference of sensi- 
tivity to the drug was not related to arteriosclerosis; at least no evidence 
of this disease was observed in any of the arteries or the arterioles of 
the central nervous system. 

Drowsiness and spastic reflexes were observed in the animals which 
were markedly intoxicated with digitalis. 

Animals which survived the administration of the toxic doses of 
digitalis recovered completely in three to four weeks. 
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THE EFFECTS OF DIGITALIS, URGININ, CONGESTIVE CAR- 
DIAC FAILURE, AND ATROPINE ON THE HYPERACTIVE 

CAROTID SINUS 

A. D. NicnoL, M.D., and Harry Strauss, M.D. 
Clevkdand, Ohio 

A lthough sludies on tlic carotid sinus reflex^"''’’ in animals and man 
have established that the activity of the reflex is increased by 
congestive eardiae failure or bj^ digitalis, little is known of the relative 
influence of these two factors. 

Weiss, Baker, Capps, and Ferris®’ ' and Nathanson® have demonstrated 
that syncopal states produced by pressure over the carotid sinus simulate 
the spontaneous syncope which affects patients with a hyperactive 
carotid sinus reflex. In these and other studies it has been shown that 
the cardiac responses to carotid sinus stimulation can be controlled 
either by epinephrine (and related compounds) or bj’’ atropine. Since 
coronary disease and arterial hypertension are likely to be associated 
with hyperactivity of the carotid sinus reflex,®’ epinephrine may be 
contraindicated, whereas moderate doses of atropine are well 
tolerated by such patients. However, the effect of atropine on a reflex 
arc which includes the vagus as an efferent pathway is complex. In 
1880, Anrep,’^ and, in 1891, MuellcF® demon.strated that the initial 
action of atropine was to slow the pulse rate and the late effect was to 
accelerate it. Petzetakis,^® in a study of the oculocardiac reflex, demon- 
strated that the early effect of atropine was to accentuate the .slowing 
of the heart produced by pressure over the eyes. The late effect of 
atropine tended to abolish the reflex slowing of the heart. He concluded 
that the early effect of atropine was “due to an increase in the ex- 
citability of the cardiomoderator elements contained in the Amgi.” 
The late effect of atropine on the oculocardiac reflex was the result of 
paresis of the vagal endings. These observations have been corroborated 
and elaborated by numerous investigations.’’"®^ In all rc])oris of the 
effect of atropine on .stimulation of the carotid sinus, only the ])aralyz- 
ing properties of atropine have been considered. 

AVe have studied cei’tain modifications produced by therapeutic doses 
of atropine on the results of stimulation of the hyperactive carotid 
sinus reflex. In addition, we have observed the relative effects of 
digitalis, urginin, and congestive cardiac failure on stimulation of 
the carotid sinus. Urginin was used to ascertain whether another car- 
diotonic drug would have effects similar to tho.se of digitalis. 

From tho ^Icdic.'il Sorvico of St. UiiUo’.s Ho.si>it.al. 

Roceivocl for public.T.tlon July 29, 19.f2. 
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MATKKIAD 

A group of eight putients who eomphiincd of recurring syncope or severe faint- 
ness were snlecteii. Previous observations hud shown tliiit the cercbrul symptoms 
of these jmtients were reproduced l)y pressure at, the l/ifureation of one or both of 
the carotid arteries. An associated ventricular juinse was usually i)roducod. In 
one patient such elTeet.s wcue abolished by local aneslla'sia and subseejuont denerva- 
tion of the sinuses. 

Most of tile j)atients had congestive cardiac failure, with or without angina 
peidoris. 


rjtoci:i)tb!K 

At suitablo intervals the above jiatients were seaftal in a comfortable chair and 
the heart rate was oldained by an electrocardiographic, tracing. The carotid sinus 
was then stimulated by apjdying )iressnre at the bifurcations of the carotid arteries, 
and the activity of the sinus reflex was ascertained by the slowing of the ventricular 
rate produced by siadi pres‘-ure. When siiniul.'ition of the sinus resulted in slowing 
of the ventricles, ‘ ' H-U-intervals” were laeasuri'd. .Such intervals represent the 
average tlnrafion of the veiitrieidnr eoiaplexes which occurred during a eonstant 
jierind of stimulation. If siinmhition of the carotid sinus made an K-11 iattwval 
longer tlian .".(i seconds, tlie actmd duration of the )iause was recorded, iind no 
average value was tal’.eii. 

To avoid variations in stimulation, linn jiressure was made with three fingers 
over tlie hifuri-ations of the carotid arteries, and the simis(>s wore vigorously mas- 
saged, I’ressure was usually inaiiitained for moro than fourteen seconds. Occa- 
sionally this interv.'il ha<l to be shortened because tlie jintienl 's necUs became tender 
from the vigorous massaging. Hepeated stimulations wen; separated by tcn-minulo 
re.sl iiorlods, for iu'/arrt' results occasionally occurred when pressure was made at 
shorter intervals. The ]iressure jioinfs were intentionally shifted, ami the maximum 
effect ohlained from three periods of stimuhitiun was used for comparative }>ur- 
poses. In the prohmged atropine exjierinients tlie jiressure point.s were comstant 
after the initial control jierinds. 

The carotid sinuses of two jiatients were in close ajijiroxiniation to the larynx, 
and Jiressure occasionally caused marked coughing: in one case the carotid artery 
was so Iarg(' and tortuous that it was souietinies diflicult to maintain sustained 
nuissage of the artery, 'i'he results obtained from sucli unsatisfactory stimulatioii 
were discarded, lii two ea.'-es the less sensitivi.' sid(« was selected for study, but a 
fairly marked response vr:is generally obtained excejit in tlie case of A. G., who 
previously had had :i bilateral sirijijiing ojieration upon the carotid arteries. 

DIgitali.s was used in 0.1 Gm. jiills, made from a standard powdered leaf. 
Urginiti was used in O..C| jug. oral tablets. The efl'eets of urginin on congestive 
cardiac failure and the elect rocardiogratn have lioen adequately reviewed.-^, sa 
Ecjuivalont therapeutic dnsc.s of these drugs were taken in small cjuantitics until 
changes in the eleclnicardiograms were observed or minor toxic manifestations had 
occurred. Tiic elect rocurdiogriijihic indications of digitalis activity in our cases 
were greatly restricted, for slowing of the heart, and changes in conduction intervals 
might occur because of the hyperactive carotid sinus rellex. Changes in the oloc- 
trocardiograms are indicated in Table I by tlie .sign “V’ wben they did not seem 
to he chiefly caused hy the cardiotonic drugs. The drug.s were continued in mnin- 
lenanco amount ,s until their influence on the carotid sinus could bo ascorlnined. 
Occa.sionally, larger (juantitics of tlie drugs were used initially, but, in such rare 
mstnncc.s, small doses wore taken for a minimum of forty-eight hours preceding 
sinus massage. The infrequent departures from the standard method of adminis- 
tration were necessary to relieve myoe.ardial failure. One glucosidc wns usually 
discontinued for at least three weeks before the second was started. 
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Table I 

Daily ALvinterance Dose of the Cakdiotonic Drugs ayd Rbsultixg 
ELECTROCARDIOGRAP niC CHANGES 


DATE 

1 DAILY 

3 

! EK6 CHANGES 



Case 1 (B. 

McA.) 

11/ 2/3S 

Urg. 

1.5 

rag. 

Moderate S-T I, II, ni 

2/23/39 

Urg. 

1.5 

rag. 

SUght S-T I, II, III 

4/ 6/39 

Dig. 

0.1 

Gm. 

Marlced S-T I, II, III 

1/30/40 

Dig. 

0.3 

Gm. 

Marked S-T I, II, HI 

2/ 3/40 

Dig. 

0.3 

Gm. 

Marked S-T I, II, III 

2/17/40 

Dig. 

0.2 

Gm. 

Marked S-T I, II, III 


Case 2. (F. S.) 


8/26/38 

Dig. 0.15 Gm. 

Moderate S-T I, II, III 

10/ 8/38 

Urg. 1.5 rag. 

Moderate S-T I, II 

12/10/38 

Urg. 1.5 mg. 

Moderate S-T I, II, III 

5/ 1/39 

Dig. 0.2 Gm. 

Moderate S-T I, II, III 

6/19/39 

Dig. 0.2 Gm. 

Moderate S-T I, II 

7/10/39 

Dig. 0.2 Gm. 

Moderate S-T II^ 

9/ 9/39 

Dig. 0.2 Gm. 

Moderate S-T I, II 

4/11/40 

Urg. 1.5 mg. 

Moderate S-T I, II 

4/27/40 

Urg. 1.0 mg. 

Moderate S-T I, II 

6/10/40 

Dig. 0.15 Gm. 

Moderate S-T I, II 

9/11/40 

Dig. 0.15 Gm. 

Moderate S-T I, II 

11/30/40 

Dig. 0.15 Gm. 

Moderate S-T I, II 

3/26/41 

Urg. 2.0 mg. 

Moderate S-T I, II 

7/12/41 

Dig. 0.15 Gm. 

Moderate S-T I, II 


Case 3. (A. G.) 


11/28/38 

Urg. 2.0 mg. 

1 Moderate S-T I, 11, HI 

12/12/38 

Urg. 1.0 mg. 

Moderate S-T I, II, III 

1/11/39 

Urg. 1.0 rag. 

Slight S-T I, II 

2/ 9/39 

Dig. 0.2 Gm. 

Slight S-T, I, II, III 

5/ 8/39 

Dig.t 

None 

7/29/41 

Dig. 0.3 Gm. 

Marked S-T I. IT 


Case 4. (U. Z.) 


2/24/39 1 

Dig. 

0.2 

Gm. 

? 

5/ 1/39 

Dig. 

0.3 

Gm. 

? 

6/16/39 

Dig. 

0.2 

Gm. 

? 

7/17/39 

Dig. 

0.2 

Gm. 

? 

4/30/41 

Urg. 

2.0 

mg. 

? 

5/19/41 

Urg. 

2.0 

mg. 

? 


Case 5. (I. F.) 


12/ 2/38 

Urg. 1.5 

mg. 

? 

12/19/38 

Urg. 1.5 

mg. 

? 

1/ 5/39 

Urg. 1.0 

mg. 

? 

2/ 7/39 

Dig. 0.1 

Gm. 

? 


Dig'.: Digitalis Folia. Urg. : Urginin. ? EICG; when nSiI 

normalities "were not definitely attributable to the drug.s, there •n'Cie often 
normalities of T and S-T. 

*Leads I, III not taken. 

fC. S. P. 1 hr. 3 2 min. after 14 c.c. digalen I.V. 


Standard tablets of atropine 'n’ere dissolved in 1 c.c. of sterile ■water and ^iii.iectci 
subcutaneously in the right deltoid region. Doses of 0.0012 Gni. (gr. 1/uO) ant 
O.OOIS Gm. (gr. 1/33) were used. These quantities sometimes caused dryness of 
the mouth and a disturbance in vision which occurred, for the most part, after t ic 
periods of observation. The reactions were not so severe as to preclude u urt 
cooperation on the part of the patients. Partial paralysis of the vagus was pro- 
duced slowly enough to allow sufficient time to study the varj ing ofTects o atropin .. 
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The functional classification of the cases was made according to the Standard 
Nomenclature of The American Heart Association. 

RESULT.S 

The response of the eight patients to carotid shins stimulation after 
the administration of atropine ivas ascertained on tiventj’-one occasions. 
The observations on three patients do not appear in Table II because 
thei’ were unwilling to cooperate tlu-oughout the study. On sixteen 
occasions a transient increase in the response to smus stimulation was 
demonstrated. The augmented response was present five to twelve 
minutes after atropine was injected subcutaneously. No attempt was 
made to ascertain the time of onset or total duration of this initial 
stage. There was a variable degree of paresis of the carotid sinus 
reflex in all of the patients for tlie remainder of the experimental period, 
which lasted forty-seven to seventy minutes after the injection. Tiiese 
effects are illustrated in Fig. 1. 


Ct.Sc »1. Ht# Carotid Siauc PrcBstire. 



FIs- 1- — Case 1. R. McA. Effect of atropine on the results of carotid sinus pressure. 

Ordinates: minutes before and after subcuL injection of atropine sulfate. Abscissae: 
duration of average ventricailar cycle in .seconds. The upper two curves represent tlie 
R“R values with carotid sinus pressure; the lower two curves are the control ven- 
tricular rates immediately preceding sinus pressure. 

The relative influence of digitalis, urginin, and congestive failure 
on carotid sinus stimulation was ascertained in the following cases : 

Case 1. — ^E. McA., a wliite man, 60 years of age, was admitted to St. Luke's 
Hospital Dec. 16, 1936; he was in acute respiratoiy distress, and had pink, frothy 
sputum. Shortness of breath on exertion had been present for the preceding six 
weeks. He was discharged improved. Thereafter his physical condition was vari- 
able; occasionally he was able to do heavy work as a stonemason. Severe dizziness 
was sometimes present. During this period of relatively good iiealth the standard 
observations on the results of stimulation of the carotid sinus were begun. Tlie 
observations were continued throughout subsequent visits, when his circulatory status 
fluctuated greatly. Moderate congestive failure was precipitated by a mild rhinitis 
in December, 1939. He was admitted to the hospital Jan. 17, 1940, and discharged 
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greatly improved on Feb. 1940. Two weeks later he returned with a severe 
respiratory infection and generalized edema. A pneumococcus (Type XV) was 
identified in the sputum. Although the pulmonary infection improved as the result 
of sulfapyridine therapy, the patient died on March 8, 1940, of congestive cardiac 
failure, with marked azotemia. At post-mortem examination the heart weighed 530 
Gm.; there were thickening of the endocardium of the left atrium, mild fibrous 
changes in the triscuspid valve, and a bicuspid aortic valve, with calcification of 
the leaflets. The lungs showed moderate pneumoconiosis, with emphysematous blebs 
and multiple, small infarctions. 

The results of stimulating the carotid sinus in Case 1 arc illustrated in Fig. 2. 
On seven occasions the functional classification was I, and, during six of these 
periods, sinus prc.ssurc resulted only in slowing of the ventricles. Myocardial in- 
sufficiency was present at the time of the remaining observations, and in all of 
these ventricular standstill was induced. The jiatient was taking digitalis on four 
occasions and urginin on two others, but ventricular standstill was produced by 
sinus stimulation on only tlircc occasions. 
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Fig. 2. — Case 1. R. McA. EfCect of carotid sinus iire.ssure on tlie ventricular rate. 

Ab.scissae; average ventricular cycle in second.^. FUNCT. CLASS.: functional 
classification according to American Heart A.ssociation. C.S.P. : average R-R inter- 
vals witli carotid sinus prc.ssiire. R-R interval at re.st : control ventricular rate im- 
mediately preceding carotid sinus stimulation. The symbols in the remaining cliarts 
are similar. 


The longe.st period of ventricular standstill occurred Aug. 28, 1939, when the 
functional classification was I. This result is unexplained: The symptoms produced 
by carotid sinus pressure showed a marked variation. On Aug. 28, 1939, stimula- 
tion resulted in transient syncope, hyperpnea (++), and clonic movements of the 
arms. On Feb. 17, 1940, when Class IV congestive failure was piresent, stimulation 
resulted in opisthotonos with generalized clonic movements (-t--f + -i-), hyperpnea 
(++-!+), marked pallor of the skin, a sustained fall in blood pressure, and in- 
voluntary micturition. When the patient had acute pulmonary edema, standstill of 
the heart, with syncope, was produced by slight pressure on the neck. 

Case 2. — F. S., a white man, 54 years of age, was seen in the Outpatient De- 
partment on Feb. 17, 1937. He was short of breath on exertion, and had occasional 
attacks of paroxysmal nocturnal orthopnea and swelling of the legs. He had ex- 
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perienced frequent, severe attacks of dizziness for a year. There was a history of 
multiple attacks of acute migratory polyarthritis in childhood, and of a penile 
chancre at the age of 19 years. His blood Wassermann and Kline reactions were 
strongly positive. Sugar was present in the urine, and a glucose tolerance test 
showed prolonged hyperglycemia. The diagnoses were rheumatic heart disease, with 
mitral and aortic stenosis, latent syphilis, and mild diabetes mellitus. The latter 
condition was controlled by diet and infrequent, small doses of insulin. Adequate 
antisyphilitic therapy was given, and the standard observations on the carotid sinus 
reflex were begun on March 12, 1938. His condition has been variable, but the 
patient has remained cooperative and cheerful, and continues to attempt to be self 
sufficient. The dizziness is still present, but is less severe than when he was first 
examined. 

Twenty-one observations in Case 2 are recorded in Kig. 3. Arbitrarily, for tlic 
purpose of discussion, the carotid sinus was considered to be hyperactive in this 
case when stimulation of the sinus produced a ventricular pause of more than 7.5 
seconds. This occurred fourteen times, and the functional classification on thirteen 
of these occasions was III. The patient was receiving a cardiotonic drug when 
fourteen of the observations were made, but on six of these occasions stimulation 
did not produce ventricular standstill for 7.5 seconds. When the patient was re- 
ceiving no medication, but was in Class in (six times), sinus massage uniformly 
produced prolonged standstill of the ventricles. Wlien he was in Class II (eight 
times), such an effect was secured only once, although he was taking digitalis on 
'seven of these occasions. The carotid sinus reflex in this case was apparently more 
sensitive when circulatory insufficiency w'as marked (Class III) than when a thera- 
peutic concentration of either digitalis or urginin was present. 

In an attempt to test the above inference, the periods of prolonged ventricular 
standstill when Class III congestive failure w'as present were analyzed statistically. 
The mean of the ventricular pauses when he was receiving no drug was 12.32 .«rc- 
onds, and the mean of the pauses was 11.19 seconds w’hen he was taking digitalis 
or urginin. The difference of the means is 1.13, and the standard error of the 
difference is 1.16, so that the difference is not significant. 

On Feb. 17, 1939, two trials of carotid sinus pressure resulted in average ven- 
tricular cycles of 1.12 and 1.14 seconds. We are reasonably certain that the sinus 
reflex was not hyperactive on that date. The patient’s condition was good at this 
time and he was taking no drugs. 

Case 3. — A. G., a colored man, 66 years of age, -was brought to St. Luke’s Hos- 
pital Dec. 27, 1936, by police ambulance after lie had fallen unconscious on the 
street. There was a long history of repeated syncope, with frequent attacks of 
severe dizziness, for the preceding three years. The diagnoses were sj’philitic 
aortitis, myocardial hypertrophy with circulatoiy insufficiency, and carotid sinus 
sj-ndrome. His respiratory distress diminished after antisyphilitic therapy, but he 
was usually short of breath after moderate exertion. The sj-ncopal attacks did 
not recur, but the patient attributed their absence to his physical inactivity, fl'is 
sedentary life was necessitated by' severe dizziness which was precipitated by move- 
ments of the neck. Stripping operations on the carotid arteries were done separately 
in October and November, 1937. A carotid body was histologically identified m 
material obtained from the right artery. Thereafter he had no recurrence of his 
"spells,” although the ventricular rate was always slowed by pressure over the 
bifurcation of the right carotid artery. These results were in distinct contrast 'to 
those obtained preoperatively, when carotid sinus stimulation, although very slight, 
usually produced ventricular standstill, with syncope and convulsive movements. 
The standard observations on the results of carotid sinus stimulation were begun 
April 9, 193S, and continued to July 29, 1941. During this period there were times 
when minimal degrees of congestive failure were present. 
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The average duration of the ventricular cycle after stimulation of the carotid 
sinus on twenty-one occasions is shown by Fig. 4. The sensitizing effect of digitalis 
and urginin seems apparent. Statistical analysis of the results shows that the dif- 
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ference is significant. The mean of six pressures when the patient was receiving 
digitalis or urginin was 1.51 seconds, and the mean of the control group was 1.20 
seconds. The difference of the means is 0.307, and the standard error of the dif- 
ference is 0.0549. 
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On May 8, 1939, the maximum ventricular cycle witliout stimulation was 0.92 
second, and during carotid sinus pressure the maximum average cycle was l'o4 
seconds. A moderate dose of digalen (14 c.c.) was given intravenously, and seventv- 
two minutes later the maximum average cycle was 1.03 seconds; with carotid sinus 
stimulation the average ventricular cycle increased to 1.6G seconds. 
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Case 4.— H. Z., a white man, 44 years of age, was admitted to the Iiospital July 
31, 1937, mth severe, persistent precordial pain. He liad experienced repeated 
attacks of dizziness for two years, and had fallen to the floor unconscious on sev- 
eral occasions. The diagnoses were acute myocardial infarction, diabetes mellitus, 
and carotid sinus syndrome. The carotid .sinus was stimulated on numerous occa- 
sions, and the standard observations were made between Jan. 19, 19.19, and Aug. 
19, 1941. The diabetes was of inoderafc severity, and recurring anginal discomfort 
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was occasionally present. The only po.>isible evidence of congestive failure was a 
variation of the breath sounds at the extreme base.s of the lungs jjosteriorh’ on 
several occasions. 

Fig. 0 shows the cycle lengtlis during .stimulation of the carotid sinus on eighteen 
separate occasions. On four occasions the patient was receiving digitalis, and, on 
two others, urginin, but there is no evidence that the carotid sinus had been sen- 
sitized by either of these drugs. The variability of the results is noteworthy, al- 
though the carotid sinus was extremely hyperactive on several occasions. 

Case 5. — T. ]{., a white man, .ol years of age, was admitted to the hospital Xov. 
20, lO.’T, because of acute myocardial infarction comjdieated by jmlmonary iufiirc- 
tion. He was discharg('(l Nov. Ul, lit.'lS, and remained under observation tliereaftcr. 
His general condition has been satisfactory, although his activities have been re- 
stricted because of respiratory distress and attacks of angina pectoris. A few 
spontaneous syncopal attacks liave occurred, and attacks of dizziness have been 
frequent, but not severe. 

The effects of carotid sinus pressure on fifteen occasions are shown in Fig. 0. 
Urginin was given for three periods, and digitalis for one. AYo are unable to cor- 
relate the varying results of sinus stimulation with any of the factors under con- 
sideration in tlie present eommunication. 

An analysis of the data in tliese five cases showed no apparent difTerence in the 
sensitizing effects of digitalis and urginin in small doses (Figs. 2-G). Therefore, 
we believe that these' two drugs, when given in small dosi>s, have relatively the same 
influence on the hyperactive carotid sinus reflex. 

l)ISCUS.SION 

Tlio activit.v of llie earolid sinus rcdo.x cannol l)o absolulely re- 
flected by the cliiingc in ventricular rate which I’osults from its stimula- 
tion, for the cll'erent pjiths of the reflex arc are complex and show indi- 
vidual variation.s."' ■ However, ventricular cycles can be accurately 
measured and control of the heart rate is one of the major functions of 
the carotid sinus.-^ In addition, the ventricular cycles in our cases 
definitely tended to become longer as the intensity of the induced 
syncopal states increased. 

The re.sults of the atroiiine experiments seem to be conclusive, and 
might have been anticipated, for previous reports had clearly indicated 
their ]n-obability. The observations .show that the effect of carotid sinus 
stimulation on the heart rate is first increased and then decreased by 
the subcutaneous injection of atropine sulfate. The early effect (greater 
slowing of the heart) seems to be merely an exaggeration of the initial 
vagotonia which is exhibited by the vagus after the administration of 
atropine. 

Our observations are in accord with previous statements that con- 
gestive cardiac failure incrca.se.s the activity of the carotid .sinus. Con- 
gestive failure was the only factor in Cases 1 and 2 which was constantly 
associated with prolonged ventricular .standstill and with an increase in 
severity of .symptoms after sinus ma.ssage. Therefore, we believe that, 
aiyocardial insufficiency was the major factor in the carotid sinus 
s.vndrome in these two cases. It is improbable that, such a change would 
occur so regularly unle.ss a causal relationshi]) existed. Our observations 
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iiK^cate that the decrease in the sensitivity of the carotid sinus reflex 
which results from improvement of the cii’culation in such cases will 
exceed any vagotonia produced by small doses of digitalis. 

We doubt that digitalis may be responsible for sudden death in 
patients with a hyperactive carotid sinus reflex. Nevertheless, lar^re 
doses of this drug result in an increased acti^dty of the carotid sinus 
reflex before improvement in the circulation oecm-s. Therefore, we 
elected to digitalize our patients with small doses, and we believe that 
they received sufficient amounts of the drugs. In Case 1 the dose of 
digitalis was temporarily increased, with moderate toxic effects, but with 
no further improvement in the circulation. Although small doses weie 
constantly used in Case 2, mild toxic symptoms were produced occa- 
sionally, and the respiratory distress and peripheral edema were greatly 
alleviated.® 

The sensitivity of the carotid sinus reflex was demonstrably increased 
by small doses of digitalis in Case 3. In tins instance, carotid sinus 
pressure resulted in a slowing of the heart rate after the administration 
of 0.2 Gm. (gr. iii) of digitalis folia or of 1.0 to 2.0 mg. of Urginin 
daily. Increased sensitivity of the sinus was produced promptly in this 
ease by giving a moderate dose (14 c.c.) of digalen intravenously. The 
results of sinus massage were so variable in Cases 4 and 5 that the 
sensitizing effect of digitalis was not apparent. Only minor electro- 
cardiographic changes occurred after the administration of digitalis, and 
congestive failui’e was never present in these two cases. 

Throughout these observations there were occasional, spontaneous 
variations in the activity of the cai’otid sinus reflex, and, on one occa- 
sion (Case 1), sinus stimulation resulted in unexplained, prolonged 
ventricular standstill, although the patient was not taking digitalis 
or urginin, and the circulation was adequate. We believe that such 
spontaneous changes had little influence on the results obtained from 
stimulation of the carotid sinus in oui’ cases. 


CONCLU.SIOX.S 


In our cases, both congestive cardiac failure and digitalis increased 
the activity of the carotid .sinus reflex, but congestive failure was a 
more potent factor than small doses of digitalis. 

Hyperactivity of the eai'otid .sinu.s reflex is no contraindication to 
the use of digitalis in the treatment of congestive cardiac failure. 

Disitalis and urginin, when given in small doses, have similar effects 
on the hyperactive carotid sinus reflex. 

Therapeutic doses of atropine, given siibcutaneously, have the fol- 
lowing effect on the results of carotid sinus stimulation: after the in- 
jection of atropine, stimulation of the carotid sinus will produce a 


*The improvement in the- ci.^culation in these, cases after the of 

additional interest. Previous to the administration of dimtahs. tho 

congestive failure tvere sometimes present, altnounh ‘..ptoni,! vms 

vasus tone tvas apparently increased. Presumably, th).s "Similar ob- 

sometimes so marhed that it resulted cardiac stancLtill and -.uicor ,. -- 

servations have been made previously." 
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greater slowing of the heart; this phase of atropine action wall be 
followed a period of vagal paresis, during which stimulation of the 
carotid sinus has a lessened effect on the heart rate. 
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THE EFFECT OF QUINIDINE UPON SINUS TACHYCAKDIA 
INCLUDING THE PRODUCTION OF TRANSIENT BUNDLE ’ 

BRANCH BLOCK 

Paul S. Barker, M.D., Franklik D. Johnston, M.D., and 
Frank N. AVilson, M.D. 

Ann Arbor, SIich. 

'^HE observations to be described in this paper were made in con- 
nection with a study of auricular paroxysmal tachycardia. It is 
well known that quinidine frequently slows the cardiac rate in auricular 
paroxysmal tachycardia, and sometimes stops the paroxysm. The same 
effects may be produced bj’' quinine, and the actions of these two drugs 
are, no doubt, similar. Singer and Winterberg^ have shown that in sinus 
tachycardia quinine either does not alter the heart rate or increases 
it somewhat. It seemed desirable to investigate the effect of quinidine 
in sinus tachycardia. 

A single dose of 0.6 Gm. of quinidine sulfate was given by mouth to 
each of five patients with sinus tachycardia. Four of tlie patients liad 
exophthalmic goiter, and the fifth had chronic ulcerative colitis witli 
fever and anemia. In all five cases the heart was organically sound, 
and none of the patients was receiving any drug which migiit affect, 
the heart. The heart rate was counted at intervals before, and for at 
least two hours after, giving the quinidine, and electrocardiograms 
were likewise taken before giving tlie quinidine and two hours later. 

The effect of quinidine upon the heart rate is shown in Table I. Tim 
rate Avas not affected or was slightly increased. These observations are 
similar to those of Singer and Winterberg,^ who used quinine. They 
show that quinidine does not sIoav the rate of impulse formation in tlie 
sinoauricular node. 

The electrocardiograms shoAved, in some instances, slight changes in 
the T AA'aves after the administration of quinidine. AVith one exception, 
hoAveAmr, there Avere no significant alterations in the P-R or QRS in- 
tervals. 

The one exception Avas Case 5, in Avhich there Avas transient right 
bundle branch block tAvo hours after tlie administration of the quinidine. 
Electrocardiograms taken a fcAv minutes befoi'e the quinidine Avas given, 
and again on the folloAAung day, Avmre essentially normal (Fig. 1). Mul- 
tiple precordial leads shoAved relatiAmlj’’ late activation of the I’ight 
Amntriele at the time AAdien the bundle branch block Avas present. Ta\o 
weeks later, 0.6 Gm. of quinidine sulfate Avas again given by mouth, 

From the Department of Internal Medicine, Unlversit>- of Michigan Medical .School, 
and the Universitj' Hospital. i i om 

This study ■was aided by a g'rant to Prank N. AA ilson by the Horace H. Kac i 
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and t\s’o hours later the electrocardiogram again showed transient rieht 
bundle branch block (Fig. 2). Multiple precordial leads again showed 
relatively late activation of the right ventricle at the tiniev,when the 
bundle branch block was present. This observation is of interest in eon- 
nection with the interpretation of the aberrant ventricular deflections 
which are sometimes ohserA’ed after the administration of qiiinidine to 
patients with auricular fibrillation. 



Fig. 1. — Quinidine sulfate, 0.6 Gm.. Ly mouth at 2 ;00 p.m. A, Control curve, 1 :55 r.M. 
B, Eight bundle branch block, 4:05 p-M. C, The following day, 12:05 p.m. 



Fig. 2.— Two weeks after Fig. 1. Quinidinc .sulfate. 0.6 Gm.. by mouth at 1 ;45 p.m. 
A, Control cuiwe, 1:35 P.:^r. E, Right bundle branch block, 3:50 p.m. C, The following 
day, 10:45 


Wlien quinidine is administered in the treatment of auricular fibrilla- 
tion, and its effects followed closely by means of frequent electrocaidio- 
grams, approximately one-third of the patients show abnormal QRS 
deflections.- ® These resemble the abnormal complexes of ectopic ven- 
tricular beats or of defective intraventricular conduction. The} occiii 
at the height of the quinidine effect, and disappear shortly after the 
quinidine has been stopped. 

It has been abundantly demonstrated that quinidinc depresses intra- 
ventricular conduction, as .shoivn by prolongation of the QRS intenal, 
and the abnormal QRS complexes which follow quinidine haie been 
attributed by some observers to defective intraventricular conduc- 
tion."' •’ ® Furthermore, it is well loiown that quinidine may abolish 
ectopic ventricular beats, and that it is e.speeially effective in stopping 
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ventricular paroxysmal tachycardia.^"’ Nevertheless, the abnormal 
QRS deflections which follow quinidine have been attributed by 
some observers to ectopic ventricular beats."’ “ 

In auricular fibrillation, quinidine almost invariably causes an in- 
crease in ventricular rate. Tliis makes it specially difficult to distinguish 
between abnormal deflections caused by ectopic premature ventricular 
beats, occurring singly or in runs, and those caused by defective in- 
traventricular conduction, whicli would be especially likely to appear at 
liigher rates or after tlie sliorlcr diastoles. Lewis and his associates" 
liave pointed out tliat tliere should be a close relation between pre- 
maturity and abnormality of ventricular deflections, if the abnormality 
were the result of impaired conductivity. They recognized that, in a 
general way, such a relationship existed, but did not consider it suffi- 
ciently close to indicate impaired intraventricular conductivity. In 
jmblished elect roeardiograms showing abnormal ventricular deflections 
which are attribuled to ectopic ventricular beats caused by quinidine, 
alternative interpretations are possible, namely, that the ectopic beats 
occurred spontaneously or for some other reason, and were not caused 
by quinidine, or that the deflections were aberrant because of impaired 
intraventricular conductivity.®’ 

AYhito, jilarvin, and Burwell® mentioned a case in which quinidine 
liroduced marked intraventricular block without abolishing the auricular 
fibrillation. Korns' published curves from a patient who showed bundle 
branch block after 6 grams of quinidine, which disappeared shortly 
after withdrawal of the drug; auricular fibrillation was present and 
the ventricular rate was .00 per minute, both in the presence of the 
hundle bi’anch block and in its absence. "Wilson, "Wishart, Clark, and 
IleiTmann® described a case of auricular fibrillation in which all of the 
ventricular deflections became abnormal after 1.6 Gm. of quinidine. 
Normal rhythm returned two hours later, and all of the ventricular 
deflections were still abnormal ; the normal type returned, however, as 
soon as the quinidine effect pa.ssed off. The abnormal deflections were 
attributed to impaired infravont ricular conductivity. 

In tlic present ca.se, the aberrant ventricular deflections were clearly 
the result of impaired intraventricular conductivity caused by quinidine. 
It is our opinion that when quinidine causes abnormal QRS deflections, 
it does .so by depressing conduction within the ventricles. 

SUMMARY 

A single dose of 0.6 Gm. of quinidine sulfate was given by mouth 
to each of five patients with sinus tachycardia. The cardiac rate was 
either not affected or was slightly increased. 

In one patient, transient right bundle branch block occurred two 
hours after the administration of quinidine, upon two separate occasions. 

Wlien quinidine causes abnormal QRS deflections, it does so by de- 
pressing conduction within the ventricles. 
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AURICULAR PAROXYSMAL TACHYCARDIA WITH 
AURICULOVENTRICULAR BLOCK 


Paul S. B^vrker, M.D., Frank N. Wilson, M.D., 
Franklin D. Johnston, M.D., Ann Arbor, Mich., and 
Shelby W. Wishart, M.D., Evans\hlle, Ind. 

A uricular paroxysmal tachjmardia is a condition in whieli the 
heart heats rapidly and regularly in response to impulses arising 
in the auricles. The attacks are characterized by abrupt transitions, 
from normal rhjdhm to tachycardia at their onset, and from tachy- 
cardia to normal rhythm at their termination. They usually last a few 
minutes or a few liours, rarelj' much longer. The rate is usuallj’’ be- 
tween 150 and 220 per minute, commonl}’' near 200. The ventricles 
respond, as a imle, to eacli auricular beat. The attacks can often be 
stopped by pressure upon the carotid .sinus, or by large doses of digitalis, 
less commonly by quinidine. The precise mechanism of the auricular 
tachycardia is not understood. It is commonly believed that a rapid 
succession of impulses arises from an ectopic focus in the auricles. It 
is possible that in some manner each beat initiates the succeeding beat, 
or that the tachycardia depends upon the establishment of a circus 
rhythm in the auricular muscle. This last po.ssibility has been discussed 
in considerable detail by Leuis.^ It is of interest that auricular par- 
oxysmal tachycardia seldom occurs in patients who have had previous 
attacks of auricular flutter or fibrillation, and that these disturbances, 
which are caused by circus rhythm, are uncommon in patients Avho have 
had auricular paroxysmal tachycardia. 

In auricular flutter the auricular activity is characterized by a high 
degree of regularity and uniformity. The auricular rate is usually be- 
tween 240 and 375 per minute. The ventricles very rarely respond to 
each auricular impulse ; there is nearly always partial atrioventricular 
block, commonly 2 :1. The abnormal mechanism is usually more per- 
sistent than auricular paroxysmal tachycardia, and often lasts for weeks 
or months, hut repeated sh'oH attacks sometimes occur. Carotid sinus 
pressui-e slows the ventricles but does not alter tlie auricular mechanism. 
Digitalis slows the ventricles, and, Avhen large amounts are given, usu- 
ally converts auricular flutter into auricular fibrillation. Quinidine al- 
ways slows the auricular rate, hut does not often restore normal rhythm. 

In rare instances of auricular paroxysmal tachycardia, the ventricles 
do not respond to each auricular beat in the usual manner. There may 

Prom the Department of Internal Medicine, University of Michigan Medical School 
and the University Hospital. 

jgg^ead in part before the Central Society for Clinical Research, Chicago, Nov. 4, 

'^he collection of the material upon which this paper is based was aided by a 
grant to F. N. Wilson from the Horace H. Rackham School of Graduate Studies. 
Received for publication Aug. 4, 1942. 

7G5 



766 


AMERICAN HEART JOURNAL 


Taukk 


Auricular Paroxysmal Tachycardia 



AUTHORS 

AGE 

SEX 

DURATION 

OF 

SYMPTOMS 

FREQUENCY 

OP 

ATTACKS 

DURATION 

OP 

ATTACKS 

AUR. 

RATE 

degree of 

A-V BLOCK 

P WAVES* 

LI 

LII 

un 

1. 

Koplik, 1917 

10 

M 




200 

2:1 to 3:1 




2. 

Singer and 
Winterberg, 
1922 

70 

M 

■ 



184 

complete 


+ 


3. 

Grallavardin, 

1923 

60 

F 

a few 
hours 

one attack 

a few 
hours 

180 

2:1 


■ 

■ 

4. 

Lenhartz and 
Samet, 1924 

29 

F 

3 years 

3 attacks 

up to 94 
days 

196 

to 

188 

2:1 

i 


+ 

+ 

5. 

Sprague and 
Tllnte, 1925 

48 


10 j^ears 

4 days to 
7 months 

several 

hours 

190 

to 

270 

2:1 

•f 

+ 

+ 

6. 

23 

F 


20 attacks 

2 hours to 
0 days 

220 

2:1 

+ 


+ 

7. 

26 

M 

10 years 

daily to 7 
months 

a few 
minutes 

ICC 

to 

190 

2:1 

■ 

+ 

■ 

s. 

Wenckebach & 
Winterberg, 
1927 

■ 

■ 



several 

hours 

180 

3:1 to 6:1 

1 

■ 

i 


20 

LI 

7 weeks 

numerous 

variable 

180 

3:2 to 2:1 1 

B 

1 + 

B 


■ 

■ 

man}' 

years 


4 weeks 

205 

mm 

i (+, lead not 
stated) 

31. 

Dock, 1928 

38 

F 

22 days 

one attack 

22 days 

186 

to 

180 

2:1 to 4:1 

. ? 

i 

+ 

+ 

12. 

Mackinnon, 

1934 

17 

jr 

iIBB 

one attack 

at least 5 
days 

121 

2:1 

(+, lead not 
stated ) 

3.3. 

45 

F 

2 years 

daily 

a few 
minutes 

150 

dropped 

beats 

(?, lead not 
stated) 

14. 

Brown, 1936 

40 

i 

1 

F 

8 years 


a few 
minutes, 
persist- 
ent 

214 

2:1 

1 

+ j 

+ 

15. 

Maddox, 1937 


F 

17 years 

2 to 5 
years 

up to 69 
days 

H 

1 

1:1 to 3:1 

+ 

1 

1 

1G. 

Maarssp, 1937 

! 8 

]\I 

1 year 


1 month 

182 

to 

360 

dropped 
beat.o, 2:1 

■ 

■ 

1 + 

17. 

Fine and 
ifiller, 1940 

36 

F 

several 

j'ears 

daily 

brief 

320 

to 

200 

dropped 

beats 


■f 

X 

IS. 

Case 1 

39 

M 

9 years 

upon 

exertion 

brief 

mi 

3:1 to 3:i 




19. 

2 

32 



daily to 
several 
weeks 

up to 26 
daj’s 

200 

1:1 to 2:3 


X 



•Durinp paroxysmal tachycardia. +, upright: — . Inverted: ±, diphasic, upward and th-n 
•ward; diphasic, downward and then upward; 7, not vlsinic. 
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AUTIIOUS 

AGE 

SEX 

DUru.\.TIOX 

OF 

SYMPTOMS 


DURATION 

OF 

ATTACKS 

AUR. 

rate 

DEGREE OF 
A-V BLOCK 

r 'VAvr.s'' 

LI 

MI 

MI? 

20. 

O 1 

O 

41 


1 year 

a few 
claj’s to 

0 months 

a few 
minutes 

174- 

to 

218 

1:1 to 3:1 

4 


r 

21. 

4 

15 

M 

3 months 

almost 

contin- 

uous 

up to 00 
claj'S 

107 

to 

129’ 


1 

+ 

+ 

22. 

5 

■ 

F 

10 months 


1 clay 

107, 

158 

dropped 

beats 

4 

t 

T 

20. 

0 

19 

M 

0 montlis 

ui)on 

exertion 

at least 

13 cla.vs 

130 

to 

100 

1:1 to 3:1 

4 

■ 

■ 

24. 

7 

07 

M 


4 to 14 
clays 

up to 2 
clays 

188 

to 

235 

1:1 to 3:1 

? 


4 " 

25. 

s 

53 

M 

2 (la3^s 

one attack 

2 clays 

188 

usuallv 

2:1 ■ 

■ 

4 

20. 

9 

23 

F 

0 months 

up to 7 
chp’S 

1 hour to 
2 cla.vs 

195 

1:1 to 2:1 

4 

4 

X 

1 

10 

54 

M 

4 clays 

one attack 

4 cla.vs 

200 

2:1 or 
greater 

4 

4 

4 

2S. 

11 

52 

M 


one attack 

3 days 

101 

to 

107 

m 

1 

f 

4 

29. 

12 

SO 

M 

3 clays 

one attack 

3 days 

215 

nsuallv 

4:1 



X 

.00. 

13 

OS 

M 

2 daj’-s 

one attack 

2 days 

137 


9 

4 

X 

X 

.n. 

14 

17 

F 

2 claj's 

one attack 

2 days 

130 


■ 


■ 

15 

04 

M 

9 montlis 

several 

times 

claity 

a few 
minutes 

H 

2:1 

briefly 

+ j 




10 

20 

F 

9 months 

9 months 


100 

complete 

4 

4 

+ 

X 

■f 

.‘34. 

17 

4S 

M 

3 clan's 

one attack 

3 days 

180 

to 

103 

2:1 

; -f 

4- 

o5. 

IS 

45 

M 

10 cla.ys 

2 attacks 

1 hour 
and 2 
daA's 

212 

2:1 to 3:1 

■f* 



♦See rootnote, p. 766. 


be occasional dropped ventricular beats, or 2:1 or higher grades oC 
anriculoventricular block. Auricular paroxysmal tachycardia associated 
with hearthlock differs in several important respects from ordinary 
paroxysmal tachycardia of auricular origin, and resembles auricular 
flutter in some particulars. The purpo.se of this jiajier is to reviev 
seventeen previously reported eases, to pre.sent eighteen additional cases, 
and to describe some of their peculiarities. The important features of 
these thirty-five cases have been tabulated (Table I). 
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I— COA'T ’D 


DIS- 

.vBiLirr 

Inoderate 

to 

marked 

CONGES- 

TIVE 

FAILURE 

OKGANIG 1 

HEART 

DISEASE 

INEFFEC- 

TIVE 

TREATilENTj 

EI'FECTIVE 

TKEATilENT 

IlESUDT 

1 

REMARKS 

none 

none 

quinidine 

mecholyl 

digitalis 

increased de- 
gree of block 

normal rliythm later, 
aur. rate slowed by 
quinidine 

marked 

present 

none 

quinidine j 
digitalis | 

none 

died S4 days 
j after onset 

aur. rate slowed by 
quinidine. Autopsy 

slight 

none 

none 

1 

1 

digitalis 

normal rhythm 


moderate 

to 

marked 

none 

? mitral lesion 

digitalis 

mecholyl 

quinidine 

normal rhythm; 
died suddenly 

aur. rate slowed uy 
quinidine. Autopsj' 

■ 

none 

hypertension, 

arteriosclerosis, 

emphysema 

digitalis 

quinidine 

normal rhytlim 

1 

1 


iuci- 

dental 

present 

right-sided 

enlargement 

digitalis 


died 

autopsy ; 
bronchiectasis 

moderate 

none 

mitral stenosis, 
aortic regurg. 

digitalis 

quinidine 

normal rhythm 


slight 

none 

hypertension, 
slight enlarge- 
ment 

digitalis 

(overdigi- 

talized) 

stopped 

digitalis 

normal rhythm 

changed to aur. flbr. 
and then to normal 
rhythm 

marked 

present 

Ipyiertension, 

enlargement 


digitalis 

normal rhytlim 

! 

! 

developed acute edema 
of lungs 

inci- 

dental 

none 

arteriosclerosis 

digitalis 



changed to auricular 
fibrillation 

none 

none 

arteriosclerosis 



normal rhythm 


none 

none 




normal rhythm 


slight 

none 

arteriosclerosis, 
slight enlarge- 
ment 

quinidine 

digitalis 

! 

nonnal rhythm 

A-V block very brief 

marked 

present 

HiSiH 


digitalis 

normal rhythm 


■ 

acute 

edema 

of 

lungs 

acute myoeardial 
infarction, 
hypertension, 
enlargement 

digitalis 


normal rhythm 

P waves vary in form 

inci- 

dental 

present 

old myocardial in- 
farction 

digitalis 


normal rhythm 



PREVIOUSLY REPORTED CASES 

The first report of auricular paroxysmal tachycardia with partial 
A-V block was by Koplik,- in 1917. The patient vms a 10-year-old boy. 
Many electrocardiograms were obtained, liut none were pulilished. In 
1922, Singer and Winterberg® published cui’ves from a 70-year-old man 
whose A-V block was complete, nuth a ventricular rate of 26 per minute. 
The aurieulax paroxysmal tachycardia was stopped by quinine given 
intravenously. Gallavardin,^ in 1923, described a ease in which there 
were frequent dropped ventricular beats and short periods of 2 :1 A-V 
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block interspersed with short runs of 1 :1 response. He pointed out that 
such a disturbance could give rise to almost complete irregularity of the 
ventricles at a rapid rate, closeH resembling auricular fibrillation clin- 
ically. In 1924, Lenhai-tz and SameH reported a case in a 29-year-old 
nurse who for a long time was thought to have auricular fibrillation. 
Normal rhjdhm was finally restored by the combined use of physostig- 
mine and digitalis after the attack ha'd lasted ninety-four days. Sprague 
and White,® in 1925, reported three cases, and briefly compared and con- 
trasted them with auricular flutter. They pointed out that the attacks 
occurred over a period of years, often lasted several days, and were not 
influenced favorably by quinidine, but could often be stopped by digi- 
talis in full doses. In 1927, Wenckebach and Winterlierg’’ reported 
three eases, in tu'o of which normal rhythm was restored by quinine. 
Dock,® in 1928, described a ease in which the auricular paroxysmal 
tachycardia lasted for twenty-two days and was accompanied by partial 
A-Y block varying in degree from 2 :1 to 4 ;1, and was not affected ap- 
preciably^ by pressure upon the carotid sinus or the eyes or by large 
amounts of digitalis. In 19'34, Maekinnon® reported two cases. One 
of these was clearly an instance of auricular paroxysmal tachycardia 
with partial A-Y block. ' The other was similar in most important 
respects, but can be considered only as a probable ease because the 
auricular waves could not be identified in the records. The author 
pointed out that in occasional eases of auricular paroxysmal tachycardia 
the ventricular rhythm may be irregular, and that the usual cause for 
this irregularity is defective conduction in the A-Y bundle. 

Brown, in 1936, presented esophageal leads of two patients, winch 
he interpreted as shondng auricular paroxysmal tachycardia vdth par- 
tial A-Y block. The first of these curves is susceptible of an alternative 
interpretation, namely, that, while the rate was rapid, the ventricular 
complexes were slightly aberrant and thus gave the euiwe an appearance 
which somewhat resembled auricular paroxysmal tachycardia vdth par- 
tial A-Y block. The second case, however, is clearly a very interesting 
example of the condition under discussion, and illustrates the value of 
digitalis in its treatment. The author called attention to the differences 
between auricular paroxysmal tachycardia and auricular flutter as 
shown by esophageal leads. In the former the auricular deflections are 
separated one from another by intervals during which the tracing re- 
mains at the isoelectric level. In fluttei*, however, the auricular activity 
produces a continuous oscillation of the tracing, with no isoelectric 
inteiwals, suggesting continuous excitation. 

In 1937, Maddox” reported a case of auricular paroxysmal tachy- 
cardia with variable A-Y conduction and periods of 2 :1 or 3 :1 block. 
His discussion deals mainly with the site of impulse formation and the 
influence of the extrinsic cardiac nerves. iMaarasd,^' in 1937, reported a 
case in which an attack of auricular parox^'smal tachycardia la.sted 
longer than one month. At times there was partial A-Y block, varjfing 
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in degree from freqiicnl dropiied lieats to 2 :1 response. Pine and 
Millei’d® in 1940, reported a remarkable case of orthostatic auricular 
paroxysmal tachycardia in which the rate Avas influenced by posture. 
Sometimes the paroxysmal tachycardia Avas present AA'hile the patient 
Avas recumbent, and aa’rs tlien sometimes accompanied liy partial A-V 
block Avith frequent dropped beats. The attacks of paroxysmal tachy- 
cardia could be prcA'cntcd by either digitalis or quinidine. 

LoAvis' published electrocardiograms of a child Avith auricular par- 
oxysmal tachycardia and partial A-V lilock Avith occasional dropped 
beats. Tlie auricular I'ate AA'as 290 per minute, and the P AvaA'cs Averc 
upriglit in Lead IT. Recently, Katz” lias puldi.shed the cuvA'es of three 
patients aa’Iio had partial A-V block during paroxysms of aimcular 
tachycardia. The first of these shoAA’ed auricular rates of 180 to 125 
and block A-arying in degree from drop])ed beats to 2 :1. The second 
had an auricular rate of 158 and 2:1 block. The third patient had 
an auricular rate of 1G7 and frequent dropped beats. In all three 
cases the P AA’aA-cs AA’cre uiiright during the paroxysms. Tliesc cases 
are not included in the tabic because the clinical data AA’erc not gnmn. 





Eiu. 1. — Case 1. A, Maicli 22, 1922. Eead II and radial pulse. Avjricular rate, 
170. B, Aup. 2, 1922. Dead II. Auricular rate 150. C, July 2G, 1924. Lead II. 
Normal rhythm, rate 90. 


CASE REPORTS 

Case 1.* — A while man, aged 39 years, was first seen in 1922. He complained 
of attacks of palpitation and dyspnea brought on by exertion. These began in 
1913, and had been AA’orse since 1917. Examination revealed no eiddencc of organic 
iieart disease and no signs of congestive cardiac failure. Tlie electrocardiogram 
(Fig. 1, A and B) shoAved diphasic P waives, occurring at a rate of 170 per minute. 

‘This case is included through the kindness of Dr. J"ohn Parkinson. London, Eng- 
land, who generously furnished the electrocardiograms and the clinical data. 



772 


AIMERIC.VIS? HEART JOURNAL 


Partial A-V block of varying degree (1:1, 3:2, 2:1) was present. Full doses of 
quinidine sulfate had no effect on the auricular deflections. The average ventric- 
ular rate was somewhat increased and the ventricular complexes became aberrant. 
One week later digitalis was given in full doses. This increased the degree of A-V 
block (frequently 3:1), but had no further effect. In 1924, an electrocardiogram 
showed normal rhythm with diphasic P waves and a rate of 90 (Fig. 1, C). In 

1927, the patient stated that he had been fairly well, and tracings again showed 
normal rhythm with diphasic P waves and a rate of 100. 

Case 2. — ^A white man, 32 years of age, was first seen Oct. 2S, 1937. At the 
age of 12 years he had rheumatic fever. He had a brief attack of tachycardia in 

1928, and another in 1929. After that he had frequent attacks of tachycardia, 
brought on by slight exertion, by eating large meals, or by constipation, and some- 
times relieved by rest. The paroxysms sometimes lasted for several hours or days, 
and were then accompanied by shortness of breath and soreness in the region of 
the liver. They became so frequent, so prolonged, so severe, and so resistant to 
treatment that recourse was had to morphine, n-ith resulting addiction. 

Wlien first seen, the patient was exhausted from a prolonged attack of tachy- 
cardia. The heart rate was 200, the rhythm regular. Pressure upon the carotid 
sinus caused no change. ^lecholyl, in a dose of 25 mg., was given subcutaneously, 
and repeated fifteen minutes later. After this the heart rate became a little slower, 
and upon carotid sinus pressure it fell to a normal level. Almost immediately, 
however, the rapid beating returned. 

At this point the first electrocardiogram was taken; it showed auricular flutter 
with an auricular rate of 286, and 2:1 ventricular response. Digitalis, in a do§e of 
0.5 Gm., was given intravenously, and thirty minutes later the electrocardiogram 
(Fig. 2, A) showed auricular flutter with an auricular rate of 275 and a ventricular 
rate of 82 per minute. On October 29, digitalis, in a dose of 0.35 Gm., was given 
intravenously. On November 1 the electrocardiogram (Fig. 2, B) showed auricular 
paroxysmal tachycardia with auricular and ventricular rates of 200. Digitalis (0.35 
Gm.) was given intravenously, and fifteen minutes later there was 2:1 A-V block; 
the auricular rate was still 200 (Fig. 2, C). After this, digitalis was given orally 
in rather large amounts. The auricular paroxysmal tachycardia continued, but par- 
tial A-V block was maintained, and on November 22 the electrocardiogram (Fig. 
2, D) showed an auricular rate of 200 and a ventricular rate of 64, sometimes even 
lower. Precordial leads were used in order to obtain large auricular deflections. 
At this time digitalis was stopped because of symptoms of mild intoxication. On 
November 26 there was 1:1 ventricular response with a rate of 200. Carotid sinus 
pressure caused partial block. After giving mecholyl (25 mg. subcutaneously), 
carotid sinus pressure caused pronounced slowing of the ventricles. Esophageal 
leads were used to record this (Fig. 2, E), and showed large auricular deflections 
separated by periods of electrical quiescence. Digitalis was resumed. On Dec. 29, 
1937, normal rhythm was present (Fig. 2, F). For several months after this there 
were many attacks of tachycardia. The patient then improved and it was tliought 
that normal rliythm was present much of the time. At this time the murmur of 
mitral stenosis was heard. On Oct. 28, 1938, however, an electrocardiogram showed 
auricular flutter in Leads I and II, with an auricular rate of 292 and a 4:1 ven- 
tricular response. A minute later, when Lead III was taken, auricular fibrillation 
was present, with a ventricular rate of SO. In order to bring out the auricular 
waves more clearly, a precordial lead was used (Fig. 2, (?). 

Case 3. — A while man, aged 41 years, was first seen on Jan. 5, 1938. For one 
month he had been having attacks of tachycardia, shortness of breath, and dizziness. 
They occurred irregularly every few days and lasted a few minutes. They were 
abrupt in onset and termination, and were brought on by exertion and relieved by 
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rest. Similar attaeks Ic.ul occurred one year previously and again six months pre- 
viously, each time for a period of !i few weeks. 

Physical examination was entirely negative. No abnormality of the heart was 
detected. The blood ]iressure was IIR/CO. The rhythm was regular, the rate, 100. 
AYitli moderate exercise, however, the rate rose to more than 100; the rhythm was 
regular. After about thirty seconds the rate droisped abruptly and the rhythm was 







FIk. 2 . — Case 2. A, Oct 28, 1937. I^eaU II. Auricular flutter. Auricular rate 275, 
ventricular rate, 82. IS, Nov. 1 1937. I.oad II. Auricular paroxysmal tachycardia 
with .auricular and ventricular rat<.'.s of 200. Patient had had dlBltalis (0.85 Gr.). 
G, Nov. 1. 1937, Load II, 15 mlnutc.s after 0.35 Gm. of dlKltalls intravenously. 
Auricular paroxy.smal tachycardia with 2:1 A-V block. Auricular rate 200. D, Nov. 
22, 1937. i:*recordial lead. Auricular paroxysmal tachycardia with high (Trade partial 
A-V block. Auricular rate 200. Patient had bad larite amount.s of diijitaiis. E, Nov. 
20, 1937. I>oad I and e.sopha(Te.al lead. Prc.s.sure upon right carotid sinus after 25 m(T. 
of mecholyl .suhcutaneou.sly. F, Dec. 29, 1937. I.,cad II. Normal rhythm. G, Oct. 1, 
1938. Procordlal lead. Auricular fibrillation. 
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irregular for 10 or 15 beats. Thereafter the heart beat regularly at a uormal rate. 
The exercise was repeated and the same changes in rate and rhythm were again 
observed. 

An electrocardiogram (Fig. 3, A) showed paroxysmal tachycardia with an auric- 
ular rate of 200 and partial A-V block, usually 3:1. A precordial lead (Fig. 3, B) 
was employed to show the auricular Avaves more clearly. Exercise permitted the 
ventricles to follow the auricles at their full rate for a short time, after Avhich the 
partial block returned. Carotid sinus pressure and mecholyl failed to terminate 
the auricular tachycardia. Quinidine sulphate, in a dose of 0.1 Gm. orally, avus 
followed in tAvo hours by slowing of the auricles to 174; the ventricles followed at 



Fig. 3.— Case 3. A, Jan. 5, 1938. Lead II. Auricular Paroxysmal tachjeardia 
with partial A-V block. Auricular rate 200. Ventricular 78. R, Jan. S. ^ 

above and precordial lead beloAA'. Pressure upon right carotid sinus. Auricular raw 
200. C, Jan. 7, 1938. Lead H, 2 hours after 0.4 Gm. of quinidine sulfate Auricui^ 
paroxysmal tachycardia Avith 2:1 A-V block. Auricular rate, 1<5. , 'jC'lt^cu'ar raie. 
87. n, Jan. 10, 1938. Lead II, after 1.3 Gm. of digitalis. ,-''-«ricuIar paroxjsmai 
tachycardia with 3:1 A-V block. Auricular rate. 202. Ventricular rate, 6';, L, iuaren 
17, 1938. Lead II. Normal rhvthm, rate 88, Had taken digitalis regularij. 
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half the auricular rate 3, C). Normal rhythm, however, was not restored. 

The patient was then digitalized without afEecting the auricular rate. The degree 
of block, however, was increased, usually to (Fig. .1, D), and the rapid ven- 
tricular beating upon exertion was prevented. After digitalization it was observed 
that inecholyl, in a do.^e of 15 ing. subcutaneously, increased the auricular rate from 
207 to 21S; the ventricular rate rose to 10!>. 

Digitalis was continued. The patient returned January 2G, at which time he 
liad complete relief from his symptoms. The auricular rate was 211, and the ven- 
tricular rate, SO, with a mixture of 2:1 and block. On March 17 the patient 
stated that he had been entirely free of symptoms, jind the electrocardiogram showed 
normal rhythm (Fig. .’i, E). 



FIr. 4. — Ca.sc 4. A, June 21, 1938. Lend II. Auricular paroxy.snial tachycardia, 
rate 1G7. Patient had received quinidine and dlRltalls. B, June 21, 1938. Precordial 
load, with carotid slnu.s pre.ssurc. There Is partial A-V block with dropped beats. 
The auricular dellectlons arc shown more clearly. Auricular rate 167. G, June 29, 
1938. Lead II. Normal rhvthm. Rate 97. Had had dlRltalis and quinidine. D, July 
11. 1938. Lead II. Auricular i)aroxysmal tachycardia with 1 :1 ventricular response. 
Rate 132. Had had dlRltalis and quinidine. B, July 18, 1938. Load II. Normal 
rhythm. Rate 107. 
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Case 4— A -white boy, 15 years of age, was admitted to the hospital June 21, 
1938. He had been in excellent health until Alay 1, 1938 when he began having 
shortness of breath upon moderate exertion, tachycardia, weakness, and an unpro- 
ductive cough. The patient was not aware of an abrupt onset, nor was there anv 
kno-n-n infection at the time. The tachj-cardia persisted around 200 per minute in 
spite of rest in bed. The shortness of breath -^vas increased by lying flat. Dio-italis 
slowed the ventricles by producing partial A-V block. Quinidine slowed the auric- 
ular rate but was otherwise without appreciable effect. The patient grew weaker 
and more dyspneic, and the liver became enlarged. He was then referred to the 
hospital. 

Upon physical examination the patient appeared seriously ill, with a dusky 
cyanosis, and dyspnea upon lying flat. The heart was moderately enlarged. There 
was a systolic murmur over the entire heart, loudest at the :ipex. No diastolic 
murmur was heard. The rate was about 160; the rhythm was not remarkable apart 
from an occasional, slight irregularity. The blood pressure was 92/70. The lungs 
rvere noi-raal. The liver was slightly enlarged. There was no edema. 

Roentgenologic examination .showed fairly marked cardiac enlargement. 

The electrocardiogram showed a heart rate of 167 ; the rhythm was regidar except 
for occasional dropped beats (Pig. 4, A). Procordial leads showed the auricular 
deflections more clearly. Pressure upon the carotid sinus increased the degree of 
A-V block, causing frequent dropped beats (Pig. 4, B). Quinidine was withheld, 
and the auricular rate rose to 176; then quinidine was resumed and the auricular 
rate fell to 150. After the administration of both digitalis and quinidine for sev- 
eral days, normal rhythm returned (Pig. 4, C). In a few days, however, the tachy- 
cardia returned and persisted, except for a brief period of normal rhythm on July 
IS (Pig. 4, P). During the ectopic auricular tachycardia, the rate sloweci to 132 
under digitalis and quinidine (Pig. 4, D). The patient grew progressively worse; 
he showed no improvement during the interludes of normal rhythm or when the 
rate slowed to 132. Rales appeared in the lungs and edema of the legs developed. 
The patient died July 24, 1938, of cardiac failure. 

At autopsy the heart weighed 350 grams. It showed myocardial hypertrophy 
microscopically. There were marked subendocardial vacuolar degeneration and mod- 
erate subepicardial fatty infiltration. Infarction of the left ventricle in the region 
of the conduction apparatus was found. There was also a degenerative subendo- 
cardial lesion in the left ventricle, with necrosis, lymphocytic infiltration, and fibro- 
blastic proliferation. An organizing mural thrombus was present in the left ven- 
tricle. There was endocardial sclerosis. 

The lungs showed an acute exacerbation of chronic passive congestion, with 
edema. There were multiple fresh, and older, hemorrhagic infarctions. There were 
organizing thrombi in the pulmonary veins. The smaller arteries were sclerotic. 
There was an embolus in a medium-sized pulmonary artery, and a bland embolus 
in the main pulmonary artciw. Acute purulent bronchitis and terminal purulent 
lobular pneumonia were present. 

The liver and spleen showed chronic passive congestion. 

Case 5. — A white woman, aged 62 years, entered the hospital July 11, 1938. 
During the previous ten months she had had recurring attacks of loft-sided renal 
colic, suffered from increasing weakness, and had lost .35 pounds in weight. During 
this time she was short of breath upon moderate exertion, and experienced frequent 
palpitation and irregularity of the heart. There wa.s occasional swelling of the 
ankles. 

Physical examination .showed that the heart was normal in size. There was a 
systolic murmur at the apex. The rate varied from 100 to 140. Tliorc was an 
irregularity which was attributed to dropped beats. The blood pressure was 130/85. 
The radial and brachial arteries were thickened. The lungs were normal. TIic 
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abdomen w:m iiof^iitive. There was no edeiiiu. The isUumis of the thyroid contained 
a Pinall ndenoinii. 

Roentgenolof^iir exiuniiiation t-liowed no abnonnnlities of the hetirl or bings, but 
did reveal a renal ealenlns on the left aide. 

The clectroeardiograni showed an anrieular rate of 307. Partial A-V block, with 
frequent dro]q>ed beats, was jiresent. tind the ventricular r.atc was 134 (Fig. 5, A). 
Carotid sinus pressure ineretised the degree of block and slowed the ventricles, but 
did not alter the tiuricular niecluvnisin (Fig. .5, Ji). After digitalis in. full doses, 
normal rhythm returned (Fig. .0, ('). 'I'Ik. patient was sent back to her home 
physician for nejilirectomy. 




I-'la. T). — Case .1, .Inly IS. ItU’.S. I.'-nil II. .\uricular paroxy.sinal tachycardia 
with uartial .\-V blnclj and fri'(uH'iU dropiM'd vcnlricular l)oat.s. Auricular rate 1G7. 
•I*’, .luly IS, I'JSS. L-eid 11. Carotiil sinus j>ri ssur*- pniduces 2:1 -V-V block. Auricular 
rate ir.S. a, .Iidv 22. If.'!.';. Load II. Norni;iI rlivtlnn. Kate DS. Hail had disitall.s. 


Case 0. — A white man, I'.i years of Jige, wa.s iidmiited to the hospital July IS, 
103S. In 1030, the i»atieiit Imd h:id ciugastric pain, nausea, and A'omiting; thc.se 
were jittributed by his physicitin to heart dise:ise, and were relieved in a few days 
by re.st !ind digitalis. After tluit he took digitalis almost continuously and restricted 
his activitic.s. tiimilar symptoms returned in 1033, and again in January, 1938. 
In each instiincc they followed strenuous exertion iind were relieved by rest in bed. 
In January, 1038, he had a brief, acute re.spiratory infection. After that he had 
dyspnea and i)ronounced tachycardia ui)on moderate exertion. The heart was slow 
during re.st. He improved under larger doses of digitiilis and a mouth of rest in 
bed. The tachycardia ui)on exertion ]iersisled, however, and ho was referred to 
the ho.spital. There was no history of rheumatic fever. 

The jdiysieal exjiniination was entirely negative with the exception of the heart. 
It was nuirkcdly enhirgcd, with dullness extending to the left anterior axillary line. 
There were systolic murmurs at the apex and btisc. The rate and rhytlun varied. 
At times the hcsirt was regular at si r.atc of GO, at other times regular at a rate 
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of 170. Occasional]}' the rliytlim was irregular and the rate intermediate between 
the two extremes. The blood pressure varied within normal limits. There were no 
signs of congestive cardiac failure. 

Eoentgenologic examination showed marked cardiac enlargement. 

The electrocardiograms showed tachycardia of auricular origin, with a rate of 
163 and 2:1 A-V block (Fig. 6, A). After mild exercise there was transient 1;1 
ventricular response with no change in auricular rate. Carotid sinus pressure in- 



t 

Vitr G Case 6. A. Julv 22, 1938. Lead II. Auricular 

with ^2 :l’ A-V block. Auricular rate refp^^ Bate 13 c! 

Lead II. Auricular paroxysmal ta^iycardia w ith 1 .1 ^ entricular espon^ ^ 

Had had digitalis and quinidine. C, July 26 1938 . Lead IL taMn J3 ^ 

10 mg. of mecholyl subcutaneously. Auricular P'i^;°fY'^g^.i^'^y^hageal lead below. 

‘?u?«dP„i. l‘nWvca.r.cul.r bicci. 

is present, but not readily apparent in this lead. 
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creased the degree of Idoe.h teiu]»orarily, hut did not affect the auricular mechanism 
or rate. Quinidine slowed the auricles to l.Ki, usually with 2:1 ventricular response, 
but sometimes witli 1:1 response (Fig. C, B). Mccholyl, in a dose of 10 mg. sub- 
cutaneou.sly, increased the degree of hloe.k .sliglitly, but did not alter the auricular 
rate (Fig. 0, C). Normal rhythm returned on Jul 3 ' 31, after large doses of quini- 
dine sulfate (Fig. 0, E). On August 7 auricular paroxysmal tachycardia returned 
(Fig. 0, J)). Normal rhj’thm was resumed after 0.9 Gm. of quinidine on August 8, 
and persisted thereafter. The patient was given quinidine sulfate in a dose of 0.3 
Gm. three times daily. He felt quite welt and there was no evidence of quinidine 
intoxication. lie died unexpectedly in his sleep on Aug. 13, 1938. 



I'lg. 7 . — Ca.se 7. A. Aug. 17. 1938. Lead II. Auricular paroxysmal tachycardia 
with partial A-V block and many dropped ventricular beats. Auricular rate, 212. 
Had had digitalis and quinidine. B, Aug. 6. 1938. Lead II above, esophageal lead 
below. Tliero is 1 :1 ventricular response. C, Same as B, but showing partial A-V 
block. D, Aug. 13, 1938. Lead II above, esophageal lead below. Normal rhythm. 
Ihe auricular deflections are very large in the esophageal leads. 

Autop.sy showed hypertrophy of the left ventricle, the lateral wall of wliicli 
measured 28 mm. in thickness. There was an old mitral valvulitis, with minimal 
deformity of the valve. The right side of the lieart was dilated. The lungs showed 
congestion and edema, patchy emphysema, and atelectasis. There were acute puru- 
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lent bronchitis and microscopic broiicliicetasis. Tlie persistent liyperplastic thvnius 
generalized lymphoid hyperplasia, and hypoplasia of the aorta' and adrenals sim’ 
gested thymicolymphatic constitution. There was slight chronic cliolceystitis, and 
the liver contained foci of leucocytes. The brain was not examined. 

Case 7. — A white man, aged 67 jmars, entered the hospital Ang. 1, 103S. He 
had been in good health until seven years previously, when he had a sudden attack 
of dyspnea which was relieved by adrenalin. Thereafter he had dyspnea when 
excited, and then upon moderate exertion; this increased in severity until linallv 
he was short of breath at rest, and for the preceding few weeks he had been orthop- 
neic. He spent the ten daj'S before admission in a chair because of dyspne.a, swell- 
ing of the legs, and sleeplessness. In four years ho lost 65 pounds. There was no 
cough, M-heezing, or chest pain. 

Physical examination showed that the chest was emphysematous, with hyper- 
resonance more pronounced on the right side. The breath sounds were absent over 
the right side of the chest, except in the interscapnlar region, whore they seemed 
normal. There were rfiles at the base of the left lung. The heart was not definitely 
enlarged; the rate and rhythm were normal. There were no murmurs. The blood 
pressure was lSO/106. The peripheral arteries wore sclerotic. There was marked 
edema of the anlcles. 

Roentgenologic examination showed emphysema of the lungs, pneumothorax on 
the right, an old fibrotic scar at the left apex, and probably an inflammatory lesion 
at the right base. There was no abnormality of the heart or aorta. 

The electrocardiogram on August 1 showed occasional auricular cxtrasystolos, 
but was normal in other respects. Digitalis was given in full doses. Tlie patient 
had several attacks of auricular paroxysmal tachycardia, mth partial A-V block 
(Fig. 7). Esophageal leads were employed to show tlie auricular deflections more 
clearly. The tachycardia was controlled only by fairly large doses of quinidiuc. 
The pneumothorax and edema cleared up satisfactorily, and the paroxysmal tachy- 
cardia did not return. The dj’spnea upon sHglit e.xertion persisted. Upon one occa- 
sion tracings showed what was probably A-V nodal rhythm, with a rate of SS per 
minute; the rhydhm was I'egulaiy but no auricular waves could be identified. 

Case S. — A wliite man, 53 years of age, entered the hospital Aug. 25, 1939. For 
the preceding eighteen months ho had sufTered from fatigue, shortness of breath, 
and swelling of the legs. For many years he had had a cough iwoductive of yel- 
lowish sputum. 

Physical examination showed emaciation, dyspnea, cyanosis, and pronoiuiccd 
edema of the feet, logs, and thighs. The lungs were resonant, but contained numer- 
ous crepitant and coarse rales throughout, and there were small areas of broncho- 
vesicular breath sounds over the upper lobes. The heart was considerably enlarged, 
and there was a loud systolic mur-mur over the lower end of the sternum. The 
rhythm was regular except for occasional cxtrasystoles. The blood pressure was 
110/78. The peripheral arteries were thickened. The liver was slightly enlarged. 

Roentgenologic examination showed marked enlargement of the heart. In the 
lungs there were increased vascular shadows and also areas of inflanunatory infiltra- 
tion. 

The electrocardiogram on August 26 showed normal rhythm, with occasional ven- 
tricular cxtrasystoles. There was right axis deviation, with inverted T waves in 
Leads 11 and HI (Fig. 8, A). The patient was given digilalis in moderate amounts 
and improved temporarily, but there was no striking change at any time. On 
August 30 the electrocardiogram (Fig. S, 77) showed auricular paroxy-.^mal tachy- 
cardia with an auricular rate of 188, and partial A-V block with a ventricular rate 
of 112. Later the rhythm became regular at a slower rate, and the curve of Sep- 
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tcnibcr ] .^liowcil whut was probably A-V nodal rUytliin (Fio. C), without any 
dolh'ctiuns wliifli could be identitied as I’ wavc.s. The ])alipnt then grow gradually 
worse and dii'd Fept. o, IPI’.O. 

Autopsy showed iulaternl saccular ami tubular bronc.hicc.tasis and bronchioctatic, 
abscesses. There were niucojairuleut bronchitis and an old fibrous tuberculosis of 
the lungs :ind bronchial lyinpli nodes. Tlie lieart weighed dOO grains and showed 
right-sided dilatation. There were myocardial hypertrophy and brown atroph}'. 
Tiierc wen* (‘.xtensivi’ sulicndocardial fibrosis and subepicardial fatty infiltration. 
There was ininiinal sclerosis of the coronary arteries and of the mitral and tricusiud 
valve Icatlcts. 



l-'le. .V. — Caie- S. .1, .\in:. gO. la::!', h'-ad U. Normal rliylbio. Kate 107. 1!, Aug. 

.'to, I'.'.'!?. le-ad 11. .\uri< ul,ir )Clro^^ .-inial tacliyeanlla with partial A-\' lilock, 
usually g:l. Aurleular rat" I'-.''. Ila.l bad dimtaU.<. V, Si-j)t. 1, 1010. head II. 
Prnlcilily A-V nodal rliv tlim. Itate ss. No am icular delli ctions visllile. 


C.\sr. 0. — A white unman, ti". years of age. wa.- followed elosely tliroughout the 
winter of lO.'lti-lt'lu. during a pregnancy. SIk- gave a history of rhoninatic fever 
in chihlhood, but tolerated e.vertioii fairly well. Fxamination showed very slight 
cardiac enlargement, a blowing systolic murmur at the basig a liigh-])it(died diastolic, 
imirnmr at the h’fl sternal imirgin. and a lov. pitchel diastolic murmur tit the apex. 
Tiie rate and rhythm were normal. 'I’he blood pre'-^iire wa« usnall.v about KtO/(i(l. 
There were no sigim of <'onge..live failure. 

The jiatient did uell until March 7. 1!>I*), alien she developed iicute edema of 
the lungs, from wliicli she made a good recovery. On .April .’0, wlicn almost 

at term, she was ilelivered of a normal infant by low t'aesareau section, from which 
she recovered satisfaetorilv. fligilalis was continned in a ilose of 0.1 Gin. daily. 
The cardiac, rhythm reinaitii’d normal throughout. 

On .Tuly IS, 3010, slie had a short, attach of palpitation. On .Inly 2Q she devel- 
oped shortness of lircath find rapid, violent boating of tlie heart upon very slight 
exertion. Physical examination showed nothing new e.xcept slight cardiac irregular- 
ity and ratlier pronounced jiulsation of the neck veins. The cardiac rate was 100. 
Upon rather mild exertion the rate rose to 210 and the rhythm was regular. The 
rate gradually fell to the jirevious level and slight irregularity returned. Pro- 
nounced but transient .slowing was jirodueod by carotid sinus pressure. 

Tlie electrocardiograms, whicli )md jircviousl.v .“hown normal rhythm, with broad, 
iiotclied P wnve,s (Fig. 0, -f), now .showed auricular paroxysmal tacbycardia vvilli 
an auricular rate of lO.'i (Fig. !), i»’). There was high-grade partial A-V block, 
with a ventricular rale of 100. After exercise the auricular rate was 219. The 
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ventricles responded to each auricular beat for a short time (Fig. 9, C), then be- 
came slower and irregular, and finally displayed a long period of near standstill, 
interrupted by idioventricular beats (Fig. 9, D and E), at the end of which thev 
resumed their previous rate of 100 per minute. 

The dose of digitalis was increased for a few days, but the shortness of breath 
and palpitation continued, although they were less easily brought on. Quinidinc 
was given and the patient tolerated moderate exertion without sj’mptoms. The 
quinidine was stopped for a few days and the palpitation and shortness of breath 
returned. When quinidine was resumed the symptoms ceased. Since then quinidine 
has been taken irregularly. Tachycardia occurs every few days, often when quinidine 
has not been taken. Small amounts of quinidine are followed by normal rhythm 
in one or two hours. 



9._Case 9. A, March 12. 1940. Lead II. Normal rhyUim, rate 
20, 1940. Lead II. Auricular paroxysmal tachycardia, with. Pnjtial A-V diock. 
Auricular rate 195. Ventricular rate 100. Patient liad had digitahs. C. P. ana 
Leads I, II, and HI, resp., July 20. 1940 . After exercise, 1:1 

is followed by slowing- and irregularity of the ventricles, with a peiiod of \entricuuu 
near-standstill interrupted by idioventricular beats. 


Case 10. — A white man, aged 54 years, was fu-st seen Feb. 14, 1940. His blood 
pressure had been somewhat elevated for about six years, but there had been no 
symptoms associated with his hypertension e.xcept nocturia. Tlic patient considered 
himself in good health until Feb. 12, 1940, when he had an attack characterized 
by a feeling of numbness in the precordium, nausea, and profound weakness. There 
was no pain or shortness of breath. Examination showed that the patient was 
overweight. There was slight enlargement of the heart, but no murmurs. The 
rate was about 70, and there were frequent premature beats. The blood pressure 
was 150/125. The remainder of the examination was negative. The electrocardio- 
gram (Fig. 10, A) showed frequent auricular extrasystoles and slight left axis 
deviation, with inverted T waves in Lead I. The precordial leads were normal 
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wilh (lie exception of inversion of the T waves in the lead taken in the left anterior 
axillary line. There were no farther attacks of this tj'pe. He was given theophylline 
and digitalis. After digitalization the dosage of this drug was reduced to 0.1 
Gm. daily, but in September he took 0.2 Gni. daily. 

During the night of Sept. 21, 1040, he began luiving vague precordial discomfort, 
de.scribed as a sense of pressure or numbnc.ss or shakiness, and nausea and vomiting. 
There was no pain, sliorfness of breath, or edema. He was given digitalis (0.4 
Gm.) on September 20. Dhysical examination on September 24 showed that the 
heart was slightly ('nb.irged. The rate varieil between 44 and 52 per minute. There 
were jieriods of bigeminy. At times there were numerous premature beats. At 
other limes the rhythm was regular. Tlie heart sounds varied in intensity when 
the ventricles were beating slowly and regularly. Pulsations in the neck veins were 
counted at approximately 2(I0 jier minute. The blood pressure was 1()4/120. Tlic 



FiR. 10. — Ca.se 10. A, Feb. 11. 1910. Lead 11. Xormal rhythm with auricular 
extra.sy.stoles. r-R 0.20 sec. li. Sept. 21. 1910. Lead II. Auricular paroxysmal 
tachycardia with partial A-V block. Auricular rate 200. Ventricular rate 5G. G, Sept. 
21. 1910. Lead III, .Auricular paroxv.smal tachycardia with partial A~V block and 
extrasy.stolic biBcminv. Ventricular r.-itc 58. In B and C tiie auricles are slightly ir- 
regular. Patient ha(i been overdigitalized. D. Sept. 2C. 1910. Lead III. Auricular 
fibrillation. Blgeminv. E, Oct 2. 1910. Le.ad II. Normal rhythm. Prolonged P-R 
interval (0.28 sec.). 


remainder of tlic examination was negative. Tlie electrocardiograms siiowed auricu- 
lar paroxysmal tachycardia with high-grade A-V block (Fig. 10, B). The auricular 
rate was 200, the ventricular rate, 5G. There were ventricular extrasystoles and 
e.\trasystolic bigeminy (Fig. 10, C). Digitalis was stopped. Subsequent electro- 
cardiograms .showed auricular fdirillation (Fig. 10, D), and a few days later normal 
rhythm (Fig. 10, E), The patient dropped dead in December, 1941. 
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Case 11 . — A white man, 52 years of age, was admitted March 15, 1939, com- 
plaining of shortness of breath and swelling of the legs. These symptoms fol- 
lowed an acute respiratory infection which had occurred three weeks previously, 
and they became increasingly severe; the edema extended upward to include the 
abdomen. Examination showed that the heart was markedly enlarged; the rhythm 
was regular and the rate was S5. There were no murmurs. The blood pressure 
was 144/110. The arteries wei-e not tortuous. There were dullness, diminished 
breath sounds, and rales at the bases of the lungs. The liver was enlarged and 
there v’as a little ascites. There was marked edema of the lower extremities, geni- 
talia, and abdominal wall. 

Roentgenologic examination showed nitirked enlargement of the heart. 




Figr. 11. — Case 11. A, March 18, 1939. Lead II. Paroxysmal tachycardia of supra- 
ventricular origin. Rate, 161. B, March 20, 1939. Lead II. After 2.1 grams of 
digitalis in 5 daj’s. Auricular paroxysmal tachycardia with partial A-V blocK. Au- 
ricular rate 167, ventricular rate 131. G, March 21, 1939. Lead II. Normal rhythm, 
rate 107. 



witn *1 A-v uiocK. iu.cc, 

ricular fibrillation, ventricular rate 60. 


On March IS there occurred an attack of tacliycardia whicli was shown by the 
electrocardiogram (Fig. 11, A) to be of supraventricular origin. The patient de- 
veloped acute edema of the lungs, and the blood pressure rose to 170/120. He wa.« 
almost moribund. By March 20 he had received 2.4 Gm. of digitalis in five days, 
and the tracing (Fig. 11, B) showed auricular paroxj’smal tachycardia with partial 
A-V block. The auricular rate was 167, and the ventricular rate, 131, per niinufc. 
On the following day normal rhythm was present (Fig. 11, C). After this the 
patient improved remarkably; the blood pressure fell to 130/80 and the size o 
the heart returned almost to normal. 

Case 12. — A white man, aged SO years, entered the hospital Nov. S, 1941, because 
of urinar}' obstruction of three weeks’ duration caused by benign eulaigemciit of 
the prostate. He had suffered from shortness of breath for four ycar.s, and had 
been taldng digitalis for three yeans. Examination showed evidence of senility 
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and emaciation. The lieart was slightly enlarged and was irregular; the rate was 
68. There were no murmurs. The blood pressure was 110/80. The peripheral 
arteries were thichened. The lungs were normal. The liver was not enlarged. 
There was edema of the left ankle which was attributed to varicose veins. 


SE 
















3 ? 






Digitalis, in a dose of O.o Gm., was given Xovember 9. On the following day 
the electrocardiogram (Fig. 12, A) showed auricular paroxj’smal tachycardia with 
partial A-V block, usually 4:1, with an auricular rate of 215 and a ventricular 
rate of 55 per minute. On November 11 the tracing (Pig. 12, B) showed auricular 
fibrillation with a ventricular rate of 60. There were many idioventricular beats, 
indicating overdigitalization. Subsequently the patient had a transurethral resec- 
tion of the prostate, from which he made a good recovery. 
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Case 13. — A white man, 68 years of age, was examined May 24, 1935. He line] 
heen troubled with attacks of nausea and vomiting. Examination showed that the 
heart was of normal size, but irregular, with a rate of 68 per minute. The lung.s 
were normal, and the abdomen was negative. There Avas no edema. An electro- 
cardiogram on the following day (Pig. 13, A) showed auricular paroxj'smal tachy- 
cardia Avith 2:1 A-Y block. The auricular rate AV'as 137, and the ventricular rate, 
68, per minute. There were a fcAv A’entricular extrasystoles. On May 27 the 
rhythm was normal except for ventricular extrasystoles (Pig. 13, B). A few 
months later the patient developed cardiac failure, but the cardiac rhythm remained 
normal. 

Case 14. — A A\-hite Avoman, 17 j’ears of age, Avas admitted Nov. 1, 1932. She 
gaA-e a history of nervousness, AA-ealmess, fatigue, palpitation, and irregularity of 
the heart. The.«e sj'mptoms began in August, 1931, and improved temporarily 
under iodine therapj’ in Januarj^, 1932. Enlargement of the thyroid gland appeared 
at that time. The palpitation Avas described as forceful beating of the heart, and 
the irregularity as a skipping of beats. No attacks or paroxysms of tachycardia 
or irregularity Avere noticed. 



Fig-. 14. — Case 14. Leads I. II. and III. Protoabiy auricular paroxysmal tachycardia 
and partial A-V block AA’ith dropped beats. Auricular rate, 130. 


Examination shoAved moderate enlargement of the thyroid, Avith a bruit OA'cr 
the gland. There AA'ere exophthalmos and a line tremor of the lingers. The heart 
Avas normal in size, and there seemed to be numerous dropped beats. TIic nitc 
Avas 108. There Avere no murmurs. The blood pressure Avas 13.5/78. There Avcrc 
no .signs of congestive failure. Tlie basal metabolic rate aa’os plus 45 per cent. 
Eocntgenologic examination shoAved no abnormality of the heart. The electro- 
cardiogram (Pig. 14) shoAved an auricular rate of 130 and partial A-V block, 
AA'ith frequent dropped beats. Subsequently the rhythm seemed normal clinicalh, 
but no other electrocardiograms Averc taken. A subtotal th 3 Toidcctom}' Avas fol- 
lowed by a good recovery. It is po.ssible that this patient had auricular paroxy.«mal 
tachj’cardia Avith partial A-Y block, but this is not certain. 

Case 15. — A Avhite man, 64 A-ears of age, Avas admitted Jan. 18, 1933. For four 
months he had sutTered from attacks of rapid beating of the heart and .shortnc.'-s 
of breath; these lasted a fcAV minutes and occurred several times a day. Exami- 
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nation showed that the patient was overweight. The heart was moderately enlarged, 
and there were faint systolie inunnurs at the apex and base. The rhythm was 
irregular, and tlic rate was approximately 200 per minute. The blood pressure 
was 120, systolic. There were no signs of congestive cardiac failure. There were 
abrupt changes from tachycardia to normal rate, and from normal rate to tachy- 
cardia. The tachycardia was stopped by pressure upon the right carotid sinus, 
but soon returned. Many electrocardiograms were obtained, and showed a com- 
plicated arrhytlimia. Tlierc were many brief attacks of tachycardia, apparently 
arising from two or more foci in the auricles, which had an abrupt onset and 
termination. There was also variation in the form of the ventricular deflections. 
In addition, there were brief periods of partial A-V block, as shown in Fig. 15. 
There were also premature ventricular deflections of abnormal outline, some of 
which probably were ventricular extrasystoles. Quinidine was given irregularly 
from January 21 to 24 without apparent benefit. Digitalization was begun on 
.Tanuary 25 and completed on January 27, and then maintained by 0.1 Gm. 
daily. After this there were occasional auricular exfrasystoles (Fig. 15, D), but no 
further attacks of tachycardia or dyspnea. 










I viur^ rafe' ^SO 



Plfc'. 15. — Case 15. A, .Tan. 10, 1033. I>oad III. A .short paroxysm of tachycardia 
ari.sina- in at least two different foci in tlie .auricles, and showing partial A-V block. 
Auricular rate 210. B, Jan. 21, 1033. Prccordial Ic.ad. Unusual mode of termination 
of an attack ; there is A-V block. Auricular rate 250. C, Jan. 21, 1033. Prccordial 
lead. A .short attack .showing p.artial A-A'’ block. Auricular rate approximately 200. 
n, Jan. 21, 1033. Lead II. Normal rhythm with auricular extra-systoles. 


Case 1G. — A 2G-year-old white woman entered tlic hospital March 13, 1929. For 
nearly a year she had suffered from shortness of breath, palpitation, swelling of 
the ankles, and nocturia. For tiic preceding month the swelling had been more 
extensive, involving the legs, thighs, and abdomen. There was no history of rheu- 
matic fever. 

Physical examination showed that the patient was dyspneic, orthopneic, and 
cyanotic. There was pronounced edema of both lower extremities, the right upper 
extremity, and the right breast. The heart was markedly enlarged. A systolic 
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murmur and gallop rliytlim were present at tlie apex. No diastolic murmur was 
heard. The rhythm was regular, and the rate was 132 per minute. The bloml 
pressure was 170/128. There were rales at the bases of the lungs. The liver and 
spleen -svere enlarged. 

Roentgenologic examination showed marked cardiac enlargement and congestion 
of the lungs. 

The electrocardiogram (Fig. 16, A) was taken March 16, 1929, after 1.8 Gm. 
of digitalis had been given. There was complete atrioventricular dissociation. Tlie 
auricles and the ventricles were beating regularly and independently, the former 
at a rate of 160 and the latter at 84 per mmute. No other electrocardiograms were 
obtained during this admission. The patient improved rapidly. Diuresis was 
accompanied by a loss of weight from 207 to 137 pounds. The blood pressure fell 
to 140/100, and the heart rate to 85. 

The patient returned to the liospital July 31, 1931. Her symptoms and physical 
signs were essentially the same as on the previous admis.sion. The blood pressure 
w’as 200/150. The heart rate varied from 90 to 75 per minute, and the electro- 
cardiogram (Fig. 16, B) showed normal rhythm. In this curve the P waves arc 
of different outline, as compared with the previous curve. The patient again im- 
proved. 



Pig-. iG.— Case 16. A, March 16, 1029. Leads I, II, and III. Auricular paroxpinal 
tachveardia with complete dis.sociation. Auricular rate 160, ventricular r.ate, » . 
B, Aug. 11, 1931. Leads I, II, and III. Normal rliythm. 


Case 17 . — A 48-year-old white man entered the hospital May 12, 1942. He had 
felt well until one j-ear previouslj'. At that time he developed severe dyspnea dui- 
ing moderate exertion. It was relieved by morphine. His blood prcs.sure na.s 
found to be 220. After tliat Ids pressure remained high, and he had headaehe.s, 
blurred vision, and attacks of paroxysmal nocturnal dy.spnea. Two months prior 
to admission his blood pressure was 240. A diagnosis of myocardial infarction 
was made by his physician. Since then he had been at rest in bed, and had taken 
digitalis regularly. There was no historj' of pain in the chest or edema of the 
extremities. 

Physical examination .showed an obese man who was dyspneic, ortliopncic, and 
slightlj' cyanotic. The eye grounds showed evidence of retinal arteriosclerosis and 
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angiospasm. The heart was enlarged and was beating regularly at a rate of 120. 
The heart sounds were scarcely audible because of many coarse bubbling rales in 
the lungs. The blood pressure was 230/150. The peripheral vessels were not appre- 
ciably thickened. The liver was not enlarged. There was no edema of the ex- 
tremities. 

Shortly after admission, while being examined, the patient had an attack of 
acute pulmonary edema, from which he recovered after the administration of theo- 
phylline intravenously, and morphine, and phlebotomy, with the removal of 500 
c.c. of blood, and the use of the oxygen tent. He was given l.C -Gm. of digitalis 
in twelve hours, which caused nausea and vomiting. On the following day the 
patient was still somewhat dyspneie, and the blood pressure was 180/120. There 
was no pain in the chest. During the next few days the temperature rose to 99.6° 
F., the leucocyte count rose from 10,000 to 14,000 per c. mm., and the patient 
gradually improved. He was discharged May 26, 1942. 



Eig. 17. — Case 17. A, May 13, 1942. Lead II. Auricular paroxysmal tachycardia 
with 2:1 A'V block. Auricular rate, ISO. B. May 13. 1942. Precordial lead showing 
the changes of recent myocardial infarction. C, May 15, 1942, 2:15 p.m. Lead II. 
Auricular paroxysmal tachycardia with partial AW block, usually 2 :1. Auricular 
rate 1G3. Note the change in the form of the P waves. D, May 15, 1942, 4 :50 p.m. 
Lead II. Normal rhythm. E, May 20. 1942. Lead II. Normal rhythm. Note the 
change in the form of the P waves. F, May 20, 1942. Precordial lead showing the 
expected progression of the changes accompanying myocardial infarction. 

The first electrocardiogram (Fig. 17, A) was obtained May 13, 1942, the day 
after admission. It showed auricular paroxysmal tachycardia with 2:1 A-V block; 
the auricular rate was 180. Precordial leads showed changes suggesting very recent 
myocardial infarction (Fig. 17, B). On May 15, at 2:15 p.m. (Fig. 17, C), the 
auricular paroxysmal tachycardia was still present, with 2:1 A-V block most of the 
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time, and an auricular rate of 163. The auricular deflections were somewhat dif- 
ferent in form from those of the previous curve. At 4:50 P.ii. of the same dav 
normal rhj-thm was present, and the rate was 107 (Fig. 17, D). Qn Alay ^0 
1942 (Fig. 17, F), normal rhythm was still present; the auricular deflections were 
different in form from those of the previous curve, and the rate was slower. Pre- 
eordial leads showed the e.vpected progression of tlie changes of ■ myocardial in- 
farction (Fig. 17, F). 

Case IS. — A white man, 45 years of age, was a patient in the hospital from 
July 5 to 15, 1940. Four years preriously he had experienced sudden, severe pain 
beneath the sternum which persisted for four liours and was relieved by morphine. 
After that lie was subject to substemal pain upon slight effort. For about nine 
months he had been dyspneic upon mild exertion and sometimes at rest. The breath- 
ing was often noisy. Cough had been present for four months. He was found 
to be allergic to house dust and several other substances, and was given epinephrine 
by nebulizer and ephedrine by mouth. There had been no edema of the extremities. 
Examination showed slight cardiac enlargement, presystolic gallop rhythm, and 
many wheezing, musical, and crackling rales in the lungs. The blood pressure 
was 130/94. He was given rest and digitalis, and improved remarkably. 



Fig:. 18.— Case IS. A, July 6. 1940. Leads I, II and III. Xonnal rhythm. 
June 2, 1942. Leads I. II, and III. Auricular paroxysmal tachycardia with 2 :1 -A-y 
block. The auricular tachycardia is not readily apparent in these leads. C, June -. 
1942. Right arm potential (right arm electrode paired with the central terminau 
taken a few seconds after B. The auricular tachycardia is clearly revealed during 
the short periods of 3 :1 -A-V block. D, June 9. 1942. Leads I, II, and III. Aormai 
rhythm. 


After being free from st'mptoras for six months, he began having shortness of 
breath again. In October, 1941, the substemal pain recurred, and thereafter 
orthopnea and edema of the ankles developed. He continued taking digitalis regu- 
larly. On May 25, 1942, he had an attack of tachycardia which was abrupt m 
onset and termination, lasted one hour, and was accompanied by substemal pain. 
He returned to the hospital June 1, 1942. Examination showed a dyspneic, appre- 
hensive man with a severe, nonproductive cough. There were many musical and 
crepitant rales in the lungs. The heart was slightly enlarged, and g.allop rhythm 
was present. The blood pressure was 152/llS. There was slight edema of the 
ankles. 
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On Hie pcconcl liospifnl dny (June 2, 1942), lie developed tnclij-cardin, accom- 
panied by substcvnal pain. The licart rate Avas IGO; it was slowed temporarily 
by pressure upon tlio left carotid sinus, but the tachycardia returned promptlj' 
upon cessation of the pressure. On June 4 the pulse was slower and the tachy- 
cardia had ceased after persisting for two days. There was, however, no other 
change in the patient's condition. He gradually improved. 

The electrocardiagrams on the first admis.sion showed changes suggestive of old 
myocardial infarction (Fig. IS, .^1). On June 2, 1942, the curve showed auricular 
paroxysmal tachycardia with an auricular rate of 212 and partial A-V block, usually 
2:1, sometimes 3:1 (Fig. IS, 7i and C). Xormal rhythm was present on June 4 and 
persisted (Fig. IS, 1 )). 


COMMEXT 

Clinical Fcainrex . — Our inlerc.sl in auricular paroxysmal tachycardia 
with A-V block was aroused by seciii" 7 iiatients wth this disturbance 
in the brief period of ten month.s, from October, 1937, to August, 1938. 
A review of 100 unselccted cases of auricular ])aroxy.smal tachycardia 
revealed 8 additional cases in tvhich there was A-V block. The essential 
data in one additional case were supplied by Dr. John Parkinson 
(Case 1). The last 2 cases are of interest because of the associated 
myocardial infarction. Tn 8 of these 18 cases the tachycardia was the 
outstanding symptom, and in 5 it caused moderate to marked disability. 
In 4 other cases t,he tachycardia, although not the chief difficulty, was 
of importance in that it contributed to the disability of the patients. 
Tn the remaining 6 cases there was no disability, or the abnormal rhythm 
was merely an incident in the course of other more important conditions. 

The degree of disability cx]>erienced by these patients is often greater 
than that which occurs Avith the common typo of auricular paroxysmal 
tachycardia. In 29 eases it Avas possible to estimate the degree of dis- 
ability. It AA'as marked in 10, moderate in 7, and slight in 6. There 
AA’as no apparent disability in 2, and in 4 otliers the abnormal rhythm 
Avas merely an incident, of relatively minor im])ortancc in the course of 
some other illne.ss. Tn general, the yiatients Avith organic heart disease 
and those Avith attacks of longer duration suffered more pronounced 
disability than the others (sec Table I). Two patients developed acute 
edema of the lungs; both of these had organic, heart disease. Another 
patient Avithout organic heart disease died of cardiac failure caused by 
paroxy.smal ‘tachycardia Avhich had been present almost continuously 
for tln*ec months. 

In auricular ]iaroxy.smal tachycardia Avith A-V block, the dui’ation of 
the attacks is often longer than in the common type of auricular par- 
oxysmal tachycardia. Of the 17 previou.sly reported eases, in 8 the 
attacks lasted several days ; the longest Avas ninety-four days. Of our 
18 patients, 13 had attacks lasting Iavo days or longer. Three of these 
are knoAvn to have had attacks lasting tAventy-six, sixty, and thirteen 
days, respectively. On the other hand, in 3 of the previous eases and 
in 3 of our oAvn there Avere brief attacks AAdiich lasted only a feAV minutes. 

The auricular rate is usually belAAmen 165 and 200 per minute. 
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Faster and slower rates sometimes occur. Four patients showed at 
times, rates of 121, 120, 120, and 129 per minute, respectively. In one 
of these (Case 15) the slowing was caused by digitalis, and in another 
(Case 17) by assuming the recumbent posture, whereas in our Case 4 it. 
was attributed to quinidine. Three of our other patients showed auricu- 
lar rates of 136, 137, and 130 per minute, respectively, and in one of 
these the slowing was caused by quinidine (Case 6). Very rapid auricu- 
lar rates are sometimes encountered. Lewis’ patient^ had a rate of 290 
per minute. The first of the patients of Sprague and "Wliite® showed 
a rate of 270 upon one occasion. Twm of our patients had, at times, 
rates of 235 and 250 per minute, respective!}*. In some cases the auricu- 
lar rate shows rather pronounced variations, usually in response to 
drugs. 

The onset and temiination of the abnormal auricular activity have 
been recorded gi’aphicaUj' in several instances. They were abrupt, just 
as in paroxysmal tachycardia without A-V block. The case reported 
by Maddox“ is exceptional in that the attack of tachycardia terminated 
by gradual slowing of the rate over a period of several days. In this 
and in many other respects it resembled that reported by Field, Barker, 
and Alexander.^^ 

As a rule there is an abrupt transition from nonnal ihjihm to par- 
oxysmal tachycardia at the onset, and from paroxysmal tacliycardia to 
normal r'hj'tlim at the termination of the attacks. In Dock’s ease,® 
after 5 Gm. of digitalis in sixteen days, the mechanism changed to 
atrioventricular bradycardia with reciprocating rhjdhm. In Browns 
patient,^® after large amounts of digitahs, the mechanism changed from 
auricular paroxA^smal tachycardia to auricular fibrillation, and then to 
nonnal rhj'tlun. One of our patients (Case 10) had auricular par- 
oxysmal tachycardia with A-V block at a time w'hen lie was over- 
digitalized. Shortly after the digitalis wms .stopped the mechanism 
changed to auricular fibrillation, and then to normal rtiytlun (Fig. 10). 
Another patient (Case 12) was likewise overdigitalized when the par- 
ox}*smal tachycardia was present. On the following day tiie rliyihm 
changed to auricular fibrillation, which per.si.sted (Fig. 12). Although 
the transitions were not recorded, it seems highly pi’obable that in these 
3 eases the auricular paroxysmal tachycardia changed dii'ectly to auricu- 
lar fibrillation without inteiwening normal rlnihm. Spontaneous transi- 
tions from parox}’smal tachycardia to auricular flutter or flbrillation 
have been recorded, as have changes from flutter or fibi’illation to 
paroxysmal tachycardia. Parkinson and llathias’® observed a patient 
with auricular paroxysmal tachycardia wiiose rate increased progres- 
sively until there was a gradual transition to auricular flutter. Kccords 
were obtained by Carrt' on a patient with many short paroxysms of 
tachycardia arising in the A-V node who showed auricular flutter for 
a few seconds at the onset and teraiination of the attacks. This patient 
had received modei*ate amounts of digitalis. Lewis’® has reporied a case 
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in which ani'icular filjrillalion apj)ai’cutly changed to aiiricnlar par- 
oxysmal tacliyeai'dia ; the I'ceord of the Iransition was not published. 
It is possible that digitalis was responsible for the change to amlcular 
fibrillation in the cases mentioned above, altliongh in other cases of 
auricular paroxysmal tachycardia digitalis has rc.stored normal rhythm 
without intervening auricular flutter of fibrillation. 

In our Case 2 auricular flutter and auricular fibrillation wore ob- 
seiTcd at. different, times, but. it is not known whetlier there were transi- 
tions from either of these abnormal rhj-thms to paroxj’^smal tachycardia 
or vice versa. It is of interest that, of 100 inrselectcd cases of auricular 
paroxj’smal tachycardia, in only .u was the patient known to have had 
auricular flutter or fibrillation, and that 3 of thc.se had ])artial A-V 
block. 

In some of the cases in which the onset or termination of an attack 
was recorded there was 1:1 vcnti-ieular response; the A-V block ap- 
peared during the course of the paroxysm. In other instances the block 
was present at the very beginning of the attack or continued to its 
very end. 

In most cases the A-V block was fairly ]mrsislent or was maintained 
by digitalis, but 1 :1 response could be brought on by exertion or oc- 
curred when digitalis was not. taken. In .some instances the patient 
w.as aware of the abnormal cardiac mechanism only during the periods 
of 1:1 ventricular response, which began and ended suddenly. The 
occurrence of 1 :1 response increasctl the severity of the symptoms and 
accounted for the disability of some of the patients. Others, however, 
were incapacitated even with ventricular rates of about 100 per minute. 
In a few cases the block was ti’ansient and of short duration. 

Patients with auricular i)aroxy.sinal tachycardia and partial A-V 
block are often very resistant to treatment. This is reflected in the. 
long duration of some of the attacks. Pressure upon the carotid sinus 
restored normal rhythm only in Ca.se 12 (]\Iackinnon). In many other 
cases it failed to do so. It commonly increased the degree of block and 
slowed the ventricles tcnpmrarily. 

Digitalis was beneficial in T of the 17 i)rcviously reported cases; 
noiTual rhythm returned soon after the administration of full doses. 
In Cases 11 and 15 it was given without benefit, and, in the other 8 cases, 
it was apparently not used. Digitalis was given in l(i of our 18 eases, 
and in only 7 did it ajjpear beneficial. In only 4 of these did normal 
rhythm return soon after the administration of the drug. In the other 
3 it increased the degree of A-V block and prevented, in part, the occur- 
rence of 1:1 rc.sponse, so that the jiaticnts were improved symptomati- 
cally, but normal rhyt hm returned .several days or weeks after full digi- 
talization, and eould not bo attributed definitely to the diaig. In some 
of the other cases digitalis may have been at least partly responsible 
for the partial A-V block, but did not appear to be beneficial in other 
1'e.spects. Digitalis sometimes causes considerable slowing of the auricu- 
lar x'ate (Ca.ses 4. aaid 14). ' 
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Quiliidine was given in 5 of the previously reported eases. It pre- 
vented the attacks of paroxj’smal tachycardia in Case 17 (Fine and 
iiliUer), but was udthout value in Ca.ses 5, 6, 7, and 15. Quinine like- 
vuse was given in 5 of the previously reported cases. It restored normal 
rhjUlun in 3 (Cases 2, 8, and 10), but was without benefit in Cases 4 
and 15. Quinidine was given to 8 of our patients. It restored normal 
rhythm in Cases 6, 7, and 9'. In Cases 6 and 7, its continued use 
definitely prevented the return of the tachycardia, and in Case 9 it was 
probably of some benefit in preventing recurrences. In Cases 1, 2, 3, 
4, and 15, quinidine was given without apparent benefit, although it 
.slowed the auricular rate in Cases 3 and 4. There was no adequate 
explanation for death in Case 6 ; the patient had been taking quinidine 
sulfate in a dose of 0.3 Gm. 3 times daily for several days, but it is 
scarcely possible that this could have been responsible. Quinine was 
used in Case 2 without apparent benefit. Both quinidine and quinine 
sometimes cause conspicuous slowing of the auricular rate (Case 4 and 
our Cases 3, 4, and 6). 

IMecholyl was given to 3 of our patients. It caused transient .slowing 
of the ventricles by increasing the degree of block, but did not restore 
normal rhytlmi. 

Electrocardiograms . — In the common type of auricular paroxysmal 
tachycardia the P waves are often almost indistinguisliable because they 
are very small or flat, or because, in addition to being small, they fall 
upon some part of the ventricular complex. In about one-sixtli of the 
eases the P Avaves are inverted. In only about 30 per cent are they 
upright and approximately similar in form to the P -waves of normal 
rlijUlim. In auricular paroxysmal tachycardia irith A-V block, about 60 
per cent of the patients have P -waves -which are upright or largely so, 
'and resemble, perhaps not exactly, but at least fairly closely, the P 
Avaves of normal rhythm. When P is diphasic or notched, it often 
shows a similar eonflgui’ation during normal rhjdhm. Tlie similarity 
of the P w'aves during the tachycardia and diu’ing normal rhytlim is 
.showm in 6 of the preriously reported cases (Cases 3, 6, 7, 8, 9, and 15), 
and is Avell illustrated in ten cases of the present series (Cases 1, 2, 3, 5, 
7, 10, 11, 13, 16, and 18). This indicates that in these cases the par- 
oxysmal tachycardia had its origin near tlie sinoauricular node. It is 
possible that A-V block is more likely to occur in such cases, as com- 
pared -\rith eases in -svhich the form of P suggests an origin near the 
aurieulo ventricular node. In Cases 12 and 14 the P -waves -were upright 
during the tachycardia, but no ti’acings of normal rlij-thm were obtained 
for comparison. In 6 of the previously reported cases (Ca,ses 2, 4, 5, 
11, 14, and 17) and in 6 cases of our sei’ies (Cases 4, 6, 8, 9, 15, and 
17) the P waves duidng the tachycardia were quite different from the 
P waves of normal rhythm. In Cases 4 and 8, P "was very small during 
tlie tachycardia, -wherea.s, in Cases 6 and 15, it -was inverted. In Cases 
9 and 17, the P -vN-aves Avere upright during the tacliycardia but quite 
different in form from those of normal rhythm. 
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Wlicii the P Avavos are small oi' indistinct in the standard leads, it 
inaj’ not be possilile to identify them Avith certainty, or to ascertain 
Avhat type of arrhythmia is present. Under such circumstances it may 
be helpful to employ chest leads. By leading: from tAvo precordial 
contacts, one oA'cr the upper part of the sternum and the other OAmr 
the ensiform, it is usually possible to I'ceord large auricular avra’cs 
AA'hich are readily identified. This is Avell illustrated in Case 4 '(Pig. 4). 
Esophageal leads may ho oa'cii more helpful, for they iiwariahly yield 
A'cry large auricular deflections AA'hen employed as described by BroAAni.^® 
They may be especially heljiful in di.stinguishing auricular paroxysmal 
tachycardia from flutter. In the former the auricular deflections are 
separated, during A-V block, by periods of electrical quiescence, in 
Avhich the cuiwe is at rest on the ba.se line, AA'hereas, in the latter, the 
ciin’c is ne\*cr at rest, Init shows continuous changes in electrical 
potential (Figs. 2 and 7). These o])scrA’ations confirm those of BroAA'n. 
The use of esophageal leads, howcA-or, imposes some hardship upon 
the patient. 

The partial A-V block scorns to be caused by the abnormally high 
auricular rate, at least to a considerable degree. In some of the patients, 
digitalis Avas a contributing factor. In none of the preA'iously reported 
cases AA’as there abnormal prolongation of the P-B inteiwal diu’ing 
normal rhythm, although in several it A\'as 0.20 second. In Case 2 
(Singer and ‘Winterberg), conpilete block persisted after the termina- 
tion of the ])aroxysmal tachycardia. In the present series, likeAAusc, 
the P-B interA'al Avas nearly alAvays normal during normal rhythm, but 
there Averc a. fcAv cxco]itions. In Case 4 it Avas 0.22 second at times, 
but large amounts of digitalis had been given. In Case 10 the P-B. 
inteiwal Avas 0.20 second several months Itefore tlie tachycardia occurred 
and before digitalis Avas giA'cn ; Avhen normal rh^dhm returned after 
the pai'oxy.smal tachycardia it Avas 0.2S second, but the patient had been 
overdigitalized. One patient (Case 13) had a P-B interval of 0.24 
second on the day AA'hen normal iliythm returned, and he had recewecl 
no drugs; four months later it AA’as 0.19 second. 

Tlie occurrence of auricular flutter and auricular fibrillation in 
Cases 2, 10, and 12 has been mentioned. Taa’o other patients (Cases 
7 and 8) shoAved abnormal auricular mechanism after cessation of the 
paroxysmal tachycardia; they yielded curves in AAfiiich no auricular 
Avaves could be identified. It Avas thought that they might represent 
A-V nodal rhythm, but no s]ieeial leads Avere employed and no large 
venous pulsations Avere observed, and it is possible that there Avas 
auricular standstill. The ventricles AA'ere beating regularly at normal 
rates. In several cases normal rhythm Avas disturbed by occasional 
auricular extra.sy stoles. One patient (Case 17) shoAved changes in the 
form of the P Avaves, both during the paroxysm of tachycardia and 
during normal rhythm shortly after the cessation of the attack. 
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The Mechanism of Auricular Paroxysmal Tachycardia . — Auricular 
paroxysmal tachycardia uuth partial A-V block resembles auricular 
flutter in many respects. It resembles flutter much more closely than 
does the common type of auricular paroxysmal tachycardia. The 
similarities extend beyond the presence of the partial block and the 
relatively long duration of some of the attaelvs. Quinidine and quinine 
often slow the auricular rate in auricular paroxj’smal tachycardia and 
always do so in auricular flutter. In a few cases, digitalis in largo 
amounts apparentlj^ converted auricular paroxysmal tachycardia into 
auricular fibrillation, a common occurrence in auricular flutter. In 
these cases, as in flutter, pressure upon the carotid sinus temporarily 
increases the degree of block and slows the ventricles, hut almost never 
stops the attacks of abnormal rhythm. With respect to A-V block, the 
differences between auricular paroxysmal tachycardia and auricular 
flutter may he caused chiefly by the differences in the auricular rates 
in the two conditions. 

In spite of the resemblances between auricular paroxysmal tach.y- 
cardia ■with partial A-V block and auricular flutter, the two conditions 
differ from each other in several important respects. Digitalis some- 
times slows the aiu’icular rate in the former, whereas, in the latter, it 
has little effect, or induces aiu’icular fibrillation. Pressure upon the 
carotid sinus restored normal rhjdlim in Case 13 (iMackinnon) ; it never 
does so in aimeular flutter. In the common type of paroxysmal tachy- 
cardia, normal rhjdhm is often restored by pressure upon the carotid 
sinus. An important difference between auricular paroxysmal tachy- 
cardia Arith partial A-V block and auricular flutter is that in the 
fonner the auricular deflections are separated by periods of electrical 
quiescence, during which the cuiwe is at rest on the base line, whereas, 
in the latter, the eiuwe is never at rest, hut shows continuous changes 
in electrical potential. This is apparent quite commonly in standard 
leads, usually in precordial leads, and ahva 3 ^s in esophageal leads. 

If auricular pai’oxj'smal tachj'cardia is caused bj’" re-entiw of the 
impulse, it must he a special kind of circus rhj'thm, differing from 
that of auricular fibrillation. Cii’cus rln'thm iuA'ohing as paid of the 
path of the circulating excitation v'aA'c either the sinoaurieular node 
or the auriculoA’entricular node could account for most, if not all, of 
the features of auricular parox.A'smal tacliA'cardia. This possibiliri' has 
been discussed brieflA' b^' Ashman and Hull.^° In our opinion, circus 
rliAdlim can account for auricular parox^’smal tacln'cardia onh^ if it 
invob'cs one of the nodes, or if the amount of muscle in some part of 
the main circus path is .so small that its action potential cannot be 
recoi’ded Iia' ordinaiy methods. In a subsequent communication A\e 
hope to pre.sent additional evidence bearing upon this problem, and to 
di.seu.ss it at greater length. 
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SUAIAIARY 

1. Seventeen previously reported cases of auricular paroxysmal 
tachycardia ivith auriculoventrieular block are reviewed, and eighteen 
additional cases are reported. 

2. This arrhythmia may occur at almost any age, and in persons 
with otherwise normal hearts or with organic heart disease. 

3. The attacks are often of long duration, i.e., they commonly last 
several days or longer. 

4. High-grade disability is common in patients with organic heart 
disease, but sometimes occurs in those ivith otherwise normal hearts. 
One patient -without significant organic heart disease died of cardiac 
exhaustion and failure attributable entirely to the long continued 
tachycardia. 

5. In some cases the auricular deflections of the electrocardiogram 
are small or not readily apparent in limb leads. In such instances 
precordial or esophageal leads are especially valuable because they 
3 ueld prominent auricular waves and thus permit the identification of 
the arrhj’-thmia. Sucli curves are quite different from tliose of auricular 
flutter, in that the auricular deflections are separated by periods of 
electrical quiescence, with the cuiwe at rest on the base line. 

6. Digitalis in large amounts often restores normal rhythm. Quini- 
dine and quinine are somewhat less effective, but sometimes restore 
normal rhythm, occasionally even when digitalis has failed to do so. 
Pressure upon the carotid sinus rarely terminates the paroxysms; it 
was successful in only one case (Mackinnon'*). hlecholjd and acetylcho- 
line have been ineffectual. Some patients maj* not respond to anj' of 
these measures; in one such instance normal rhythm returned spon- 
taneously after a period of rest in bed, whereas, in another, deatli re- 
sulted from cardiac exhaustion caused bj’- the prolonged tachj'-cardia. 

7. Auricular paroxysmal tachycardia with partial A-V block resem- 
bles auricular flutter in many respects, but differs from it in some 
important particulars. Most of the features of auricular paroxysmal 
taehjmardia can be accounted for bj'- circus rhythm involving either the 
sinoauileular node or tlie auriculoventrieular node. 
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AURICULAR PAROXYSMAL TACHYCARDIA WITH ALTERNA- 
TION OP CYCLE LENGTH 

Paul S. Barker, M.D., Franklin D. Johnston. M.D., 

AND Frank N. Wilson, M.D. 

Ann Arbor, Mich. 

T he purpose of this paper is twofold: first, to describe aii irj’cg- 
ularity of the licarllieat which occurred during atlaelcs ol auricular 
paroxysmal tachycardia and Avas characterized by alternation ol the 
cycle length, and, second, to discuss its significance willi reference to 
the mechanism of auricular paroxysmal iacliyeai’dia. 

As a rule, auricular paroxysmal taeliycardia disifiays a high degree 
of regularity. Tliis has lieeu ompliasizcd by Fcil and Gilder,^ who 
measured 11 to 18 consecutive ventricular cycles in the electrocardio- 
grams of eight patients with auricular paroxymal tachycardia. The 
maximal variation in tlic length of the vcntrieular cycles, not necessarily 
consecutive, ranged in different cases from 0.0071 to 0.035S second, 
and was irsually less than 0.0099 second; the average never exceeded 
0.01 second. Two of their patients .sl)Owed very .slight altoiTiation in tlie 
lengths of the cycles, but they did not comment u])on this. Their 
measurements, in seconds, were as follows: Case R 74-2 (rate, 214 per 
minute), 0.2836, 0.2810, 0.2833, 0.2770, 0.2813, 0.2S0S, 0.2838, 0.27.9S, 
0.2848, 0.2828, 0.2801, 0.2788, 0.2770, 0.2813, 0.2851, and 0.2752. Case G. 
1843 (rate, 185 per minute), 0.3161, 0.3278, 0.3132, 0.3345, 0.3126, 
0.3434, 0.3076, 0.3293, 0.3273, 0.3328, 0.3242, 0.3311, 0.3138, 0.3343, 
0.3095,0.3331. 

In an interesting case reported by Wbite- there were many .short 
attacks of auricular paroxy.smal tachycardia, Avith abrupt onset and 
termination, but Avith acceleration at the beginning and sloAving toward 
the end of the paroxysms. During the tachycardia the P Avave resem- 
bled the P of noiTual rhythm; it Avas upright in Lead 11. The author did 
not comment on the alternation of cycle length shoAvn by his measure- 
ments, Avhich Avere as folloAvs; (a) beginning of attack — 0.407, 0 425 
0.384, 0.323, 0.316, 0,325, 0.308, 0.327, 0.317, 0.336, and 0.316 second; 

(h) at height of paroxysm— 0.316, 0.323, 0.310, and 0.326 second (rate, 
188). ’ 

Strong and Levine^ have emphasized the regularity of auricular 
paroxysmal tachycardia as contrasted Avith the irregularity of ven- 
tricular paroxysmal tachj^eardia. Tliey measured the ventricular cycles 
during an attack of auricular paroxysmal tachycardia Avhich occurred 
in^ of their patients. The heartbeat Avas regular to a very high 

™rvor,rty oc man,,, jm,!, 

Received for publication Aug. 4 , 1942. 


799 



The Essentiae PEATunES op Cases of Auhicuear Paroxysmal Tachycardia With Alternation op Cycle Length 


800 


AAIERICAN HEART JOURNAI. 















barker et al. : 


TACHYCARDIA WITH AETERKATION OF CYCLE 


801 


de-n-ce, Irat there was a short period ol slight allcniatioii Jhiele 
Icirgth which they did not mention or disenss. „ L, 

seconds, were as follows: 0.41, 0.405, 0.405, 0.405, 0.405 0.40o OAOo 
0.406, 0.41, 0.405, 0.41, 0.41, 0.41, 0.405, 0.41, 0.40, 0.41, and 0.40., 


(rate, 148). _ n t .j. i- 

Katz/ recently pul)li.slied a short record in which he called attention 

to alternation in length of anrieular and vcntrienlar cycles and P-R in- 
tervals. The longer ventrienlar cycles accompanied the longer anricnlar 
cycles, and the P-R intervals vvere longer after the shorter auricular 
cycles. Measurements of the tracing and clinical data were not given. 

Mackinnon® has pointed out that, in anrieular paroxysmal taeh> cardia, 
the heartbeat is often somewhat irregular, hut in none of his fifteen 
cases was there alternation of cycle length. 

Careful inspection of the electrocardiograms in one hundred un- 
selected eases of auricular paroxysmal tachycardia from our files re- 
vealed ten eases in wducli there was, in some of the curves, a slight 
irregularity of a type characterized by alternation in the lengths of 
the cycles. This irregularity, although slight, Avas apparent to the un- 
aided eye. Its presence was confirmed by accurate measurements ivilh 
a Lucas comparator. In only tw'o of our cases were the auricular de- 
flections sufficiently sharp to permit accurate measurements of the P-P 
intervals. In these the auricular cycles, the ventricular cycles, and 
the P-R intervals were measured. In the remaining cases onlj' the 
ventricular cycles Avere measured. In all instances the beginning of 
the R Avave and, in the tAvo cases in Avhieh there Avere sufficiently sharp 
auricular deflections, the beginning of the P Avave Averc the points 
employed in making the measiu'cments. The essential features of our 
cases, and of those discovered in the litcratnre, are given in Table I. 


CASE REPORTS 


Case 1. — white ziuin, 52 years of age, was first seen Jan. 27, 1933. He had 
advanced arteriosclerosis, aortic stenosis, and pronounced cardiac enlargement. He 
improved temporarily, but later liis sj’itiptonis progressed and he developed angina 
pectoris of effort, attachs of tachycardia, pulsus altonians, and, finally, congestive 
cardiac failure. He died April 5, 1936. Tho autopsy showed advanced athero- 
sclerosis, with calcification of the aorta, aortic stenosis with calcification, pronounced 
cardiac liypcrtropliy (the heart weighed 890 grams), and chronic passive congestion 
of the lungs and abdominal viscera. An olcctroeardiogram taken when the rhythm 
was normal is shown in Fig. 1, and an attack of auricular paroxysmal tachycardia 
IS illustrated in Fig. 2. The measurements of the auricular and ventricular cycles 
and of the P-E intervals are given in the same figure. Although the patient had 
previously shown pulsus allernans, no alternation in the force of tlie pulse was 
observed at the time of the attack of paroxysmal tachycardia. The altcrnaf.ioti in 
cycle length was not obvious on auscultation. 


r first seen in June, 1925, because of al, lacks 

tachycardia. These continued to occur from time to time, and ho returned lo I 

icheait disease. A number of electrocardiograms wore taken Some ol- n 
-re entirely normal. Others showed -icular ^asystoles SUII 0^0. em^^ 
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'lisj)l!i,v(!(I :iuriciilur paroxysmal tachycardia which was sometimes of short, at other 
times of longer, duration. Tlie paroxysm depicted in Pig, 3 occurred 'sept. 32. 
3930. The measurements of the auricular and ventricular cycles and of the P-R 
intervals are given in this figure. The alternation of cycle ’length is complicated 
hy the occasional occurrence, usually every fourth beat, of an especially short cycle 
which does not, however, interrupt the alternation. ” * ’ 

In these two cases the auricular cycles, the ventricular cycles, and the P-R in- 
tervals alternated in length. The longer ventricular cycles corresponded to the 
longer auricular cycles, and the longer P-R. intervals usually, hut not invariably, 
followed the shorter auricular cycles. Because of the alternation of the P-R inter- 
vals, the R-R intervals varied less than the P-P intervals. 

In the remaining eases the auricular deflections were not sutficicntly sharp to 
permit accurate measurement; only the ventricular cycles were measured. 



Pis'. 1. — Case 1. Leads I, II, and HI. Normal rhythm. 

Case 3. — A white man, 37 years of age, was first seen Peb. 2G, 3929. He iiad 
rheumatic heart disease, with mitral stenosis, aortic regurgitation,' and cardi:ic en- 
largement. He coinf)lained chiefly of attachs of tachycardia, but also sufTered from 
.shortness of breath and occasional swelling of the anlcle.'-*. The attacks of tachy- 
cardia were not stopped or prevented by quinidine, nor were they favorably influ- 
enced by thyroidectomy, which was performed because of mild hyperthyroidism. 
Digitalis in full doses apparently in-cventod the attacks for a year, but they re- 
turned. Two attacks were stopped by quinine intravenously, others by pressure 
upon the carotid sinus. Pinally, the patient developed auricular fibrillation and 
severe cardiac failure, and died June 19, 1931. There was no autopsy, l^lany 
electrocardiograms were obtained, some during normal rhythm and others during 
paroxysms of auricular tachycardia. In one of these there ivas altejuiafion of cycle 
length (Pig. 4). In this case, too, the variation in cycle length was complicated. 
The alternation of long and short cycles was interrupted by cycles of intermediate 
length which usually occurred every fifth beat, following the .shorter, and [ireceding 
the longer, cycles. 

Case 4. — The patient wa.s a while woman, (il years of age, with a blood jwessure 
of 220/320, hypertensive he.art di.scase, cardiac onlargemont, and congestive f.'iilnrc. 
She grew progressively worse, and died two weeks after admission. The autopsy 
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Fig'. 3. — C.'i.«o 2. Lf-ritLs I. H. anJ HI. Auricular paro.\y.«nial tacliyc/inlia. Mcarur'- 
nicnLs in seconds. In I.cnd i tlic .auricular deflections .arc not .sufficiently .sharp to 
permit accurate measurement. Ix'ad III sliow.s the termination af an .att.ack. Tliere 
is alternation in the lengths of the auricular and ventricular cycle.s and the P-K 
inter^'als. 
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0.3E5 

0.S16 

0.329 

0.321 

0.325 

0.318 

0.326 

0.326 

0.326 

0.320 

0.323 

0.322 

0.323 

0.321 
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0.325 

0.327 
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0.320 

0.333 

0.323 
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K*™- I- — C;iso 3. Load IF. Ventricular cycle lonfitli'i. In seconds, are shown above the curves. The auricular dollection.? arc not 
suinciently sharp to permit acciira e measurements. .1. .Xormal rh.vlhm with one aiiricular e.xtra.sv.stole. I!, .\uricular paroxvsinal tachy- 
cardia, .several hour.s after the on.sot of the attack. There (s only transient. .sUkIU alternation of cycle lenp'th. C. .‘^ame atta'ck sl.x hour.s 
later. AUernation of cycle Icnpth is pre.sent. n. .Same attack two mtnute.s later, duriiiK the Intravennu.s administration of 0.5 C?m. of 
nuimne dihydrochlorldo. Fn C and IJ the alternation of cycie Icmttlt Is apparent; It l.s Interrupted by occa.sional cvcle.s of intermediate 
lonsth, usually everj- tlfth cvelo. 
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showed advanced atherosclerosis, with calcium deposits in the aorta, cardiac hyper- 
trophy (the heart weighed 410 grams), and chronic passive congestion of all organs. 
The only electrocardiogram which was obtained showed auricular paroxysmal tachv- 
cardia, a rate of 175, and alternation of cycle length. The alternation was inter- 
rupted by an extra long cycle at times, usually every fifth beat. The measurements 
of the cycle lengths, in seconds, are as follows; 0.324, 0.342, 0.33S, 0.314, 0.352 
0.334, 0.34.3, 0.341, 0.34.5, 0.340, 0..345, 0.355, 0.33.5, 0.300, 0.340. 


Case 5. — The patient was a 70-year-old white man who suffered from jialpitation 
of the heart and .shortne.ss of breath upon .slight e.xertion. He was overweight, hut 
examination of the heart revealed no abnormality other than an arrhythmia. On 
auscultation this appeared to be caused by .several extra.systoles in succe.«sion, fol- 
lowed by an abrupt change in rate from SO to 140, with regular rhythm. Pressure 
upon the carotid sinus caused only .slight slowing. Later, another attach of tachy- 
cardia was terminated by carotid .sinus pressure. The electrocardiogram .showed 
auricular paro.xwsraal taehj-cardia, with alternating long and short cycles. The 
variations in cycle length were sometimes verj’ slight, and, at other times, quite 
pronounced; the alternation, however, was maintained. The measurements, in sec- 
onds, of the cycle lengths in one complete paroxysm from beginning to end arc as 
follows: 0.394, 0.551, 0.432, 0.450, 0.45.5, 0.461,' 0.447, 0.404, 0.447, 0.473, 0.444, 
0.469, 0.441, 0.468, 0.447, 0.463, 0.456, 0.469, 0.442, 0.462, 0.430, 0.460, 0.441, 0.400, 

0.437, 0.457, 0.432, 0.449, 0.434, 0.452, 0.42S, 0.4.55, 0.427, 0.445, 0.425, 0.440, 0.431, 

0.445, 0.423, 0.444, 0.41S, 0.4.52, 0.417, 0.441, 0.429, 0.443, 0.414, 0.440, 0.428, 0.453, 

0.413, 0.464, 0.419, 0.453, 0,426, 0.450, 0.422, 0.460, 0.421, 0.459, 0.418, 0.462, 0.421, 

0.435, and 0.425, 


Case 6. — A white woman, 36 years of age, was first seen in .January, 1920. 
Since the age of 5 years .she had .suffered from attachs of tachycardia during which 
the heart beat regularly at rates varying from 184 to 214 per minute. The attacks 
lasted from a few seconds to twelve days, and occurred at intervals of a few minutes 
to three weeks. They were accompanied by a sensation of throbbing of the heart, 
shortness of breath and nervousne.=s, and, when long continued, by abdominal dis- 
comfort, nausea, and vomiting. She sometimes fainted at the onset or at the 
termination of an attack. Between attacks the heart was often slow, and some- 
times irregular. Examination .showed frequent extrasystole.s, but no other cardiac 
abnormality. The blood pre.'^sure was 120/SO. The patient was seen a number of 
times during the next eleven years. Some of her attacks were stopped by pressure 
upon the carotid sinus, others by mecholyl. Digitalis and quinidinc were given 
without benefit. During normal rhythm there were many ventricular extra.systoles. 
In one attack of auricular paroxysmal tachycardia the electrocardiogram showed 
alternation of cycle length. There was consider.able variation of the R-R interval 
at the onset of the attack, and alternation did not appear for several boats. The 
measurements, in seconds, from the beginning of the paroxysm arc as follow.s; 0.4.35, 
0.285, 0.301, 0.303, 0.300, 0.302, 0.307, 0..304, 0,313, 0.305, 0.319, 0.305, 0.335, 0.307, 
0.327, 0.301. 0.33.5, 0.308, 0.339, 0.309, 0..3.39, 0..30S, 0.335, 0.317, 0.3.30, 0.314, 0.331, 
0.317. 

In the remaining cases there was considerable v.ariation in the cycles, but no 
definite disturbance in the alternation of their lengths. 


Case 7. — A 19-year-old white man was referred for an electrocardiogram only. 
No history was obtained and he was not examined. .-4 year later, however, wlien 
he had mea.eles. examination revealed no abnormality of the heart. The electro- 
cardiogram (Fig. 5) showed paroxysmal tachycardia of supraventricular origin, 
with alternation of cycle length. The onset and termination of an attack were 
recorded. The tracing was exceptional in that the P waves of Lead 111 aiqicared 
to alternate in form. The possibility cannot be excluded that this was caused b\ 
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alternation in the form of the T graves. This possibility received some support 
from the presence of alternation in the amplitude of the R waves in Lead II, al 
though there was no alternation in the form of the T waves in that lead or in the 
amplitude of the R- waves in Lead III. 





Fig 5. — Case 7. Three standard lead.s. Auricular paroxysmal tachycardia, with 
alternation of ventricular cycle Jengrth. Measurements in seconds. Tliere appears 
to DC alternation in the form of the auricular deflections in Lead III. 


Case 8.~The patient was a white man, 79 years of age. He had urinary ob- 
struction caused by carcinoma of the prostate, and also hypertension (195/90), 
arteriosclerosis, cardiac enlargement, and mild congestive failure. He was observed 
to have many short attacks of tachycardia, with regular rhythm, and a rate of 
about 120 per minute. During the attacks there was pulsus alternans; alternate 
beats raised the systolic blood pressure to 150 and 130, respectively. Alternation 
of the cycle lengtli was not detected clinically. The attacks were abrupt in onset 
and termination, and some of thorn were .stopped by pressure upon the carotid 
mnus. Digitalis had no elfect upon the attacks, but quinidine prevented them. 

lectrocardiograms showed paroxysmal tachycardia of supraventricular origin of 
which there were sometimes many short attacks. When sinus rhythm was present 
auricular extrasystoles often occurred. During one attack of tachycardia there was 
length; the measurements, in seconds, are as follows- 0 408 

S: --- 

sPv^r 40-ycar-old white woman who had liad a goiter for 

*«■» j™, for throe 

«» moia ' ”<> a™ “"S Inoaorote, diffuse enhrgcmenf of 

e thjroid. There was no apparent abnormality of the heart Wliiln fi.A r i . 
as being brought under control, hypoglyeemia occurred, and ’epinephrine 
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0.6 c.c.) was given subcutaneously. After tliis an attack of tachycardia occurred. 
The electrocardiogram showed auricular paroxysmal tachycardia, u-ith a rate of 222 
and alternation of cycle length. The attack was stopped by pressure upon both 
eyes. A month later a typical paroxysm, with a heart rate of ISS, occurred spon- 
taneously; it lasted thirty minutes. In the curve which showed alternation of cycle 
length, measurements of the ventricular cycles gave the following values in sec- 
onds: (Lead I) 0.263, 0.27S, 0.264, 0.2S1, 0.265, 0.277, 0.266, 0.273, 0.271, 0.276, 
0.266, 0.27S, 0.26S, 0.276, 0.265, 0.2S0. (Lead II) 0.263, 0.279, 0.259, 0.2S0. 0.2G2. 
0.275, 0.264, 0.27S, 0.261, 0.2S0, 0.261, 0.262, 0.27S, 0.265, 0.279. 

Case 10. — The patient was a 46-year-old American Indian. Por six months he 
had suffered from shortness of breath upon moderate exertion, and attacks of 
tachycardia which he could stop by breathing deeply. Examination showed that 
he had tabes dorsalis, but no abnormality of the heart was detected. Wliile he was 
under treatment, several attacks of tachycardia were observed: they were stopped 
by deep breathing. During normal rhythm there was marked sinus arrhythmia. 
Electrocardiograms showed that the tachycardia was of supraventricular origin. 
There was alternation of cycle length, as shown by the following measurements, in 
seconds: (Lead I) 0.3S3, 0.363, 0.3S7, 0.377, 0.399, 0-382, 0.397, 0.377, 0.397. 0.382, 
0.3S8. (Lead in) 0.450, 0.453, 0.462, 0.456, 0.45S, 0.442, 0.453, 0.450.! 0.460, 0.456, 
0.460. 

In these eases the alternation in cycle length tvas apparent to the 
unaided eye. l^Ieasm-ements were made on the comparator only when 
inspection revealed the type of ii'regularity under consideration. It 
is possible that accurate measurements of other curves would disclose 
additional examples in which the alternation was less pronounced. 
^Measurements in twentx* unseleeted cases, eight reported by Feil and 
Gilder,^ and twelve by ]Maekinnon,^ disclosed this phenomenon in only 
two (Feil and Gilder). In one of these and in the case reported by 
Strong and Levine, “ the variations in cycle length were so slight that 
they could scarcely be detected without accui'ate measurements. In 
none of oiu’ eases was the alteniation of cycle length detected on 
physical examination. 

in none of our cases, with the single exception of Case T, and in 
none of those found in the literature, was the alternation of cycle 
length accompanied by any perceptible alternation or variation in the 
form or amplitude of the auricular deflections. .:Vlternation in the form 
or amplitude of the ventricular deflections was somewhat more common. 


DISCU.SSION 

It is possible to account for alternation of tlie cycle length in auricular 
paroxx'smal tachycardia in a variet.v of different ways, but in the last 
analysis it must depend either upon (1) alternation of the interval 
elapsing between the liberation of successive impulses, or upon (2) 
alteniation in the path or rate of impulse conduction. As to the first 
possibility, little can be .‘^aid. The mechanism by which normal cardiac 
impulses are elaborated is not well understood, and it seems jicssible, 
if not probable, that in ])aroxysmal tachycardia im])ul.ses are formed 
abruptly by an entirely different proee.ss. Xeverthele.ss, we know of no 
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published examples of alternation in cycle lengtli AiOiicb have been 
clearly shown to depend solely n])on the discharge ol impulses ly a sin- 
gle center. Cases of bigeminy in which the paired beats arc of noima 
outline, and identical, or nearly so, as regards the form of theii 
ponent deflections, are not rare, Init in such cases it seems probable 
that successive impulses are not alike in origin. They may be foimed 
either by different centers or by different processes. 

We are, on the other hand, familiar with forms of alternation de- 
pendent upon variations in the refraeloi'y period, absolute or relative, 
which force successive impulses to pursue different paths or modify 
the time of their conduction along the same path. Cases in which normal 
conduction through one of tlie main bundle branches altcrnalcs with 
block in the same branch, i. c., so-ctilled partial bundle branch block, 
may be cited as an example of this phenomenon. If auricular paroxysmal 
tachycardia is caused b}’ the activity of a para.syslolie center, sur- 
rounded by a zone in which conductivity is depressed, alternation of the 
cycle length in this disorder may well be the I’csult of tU mechanism 
of the same kind. We may assume in this ease that successive impulses 
pass from the parasystolic center to (he main body of the auricular 
muscle by different routes, or that they travel the same route but 
require different times. 

There is, however, what appears to us a more attractive hypothesis. 
Alternation of the auricular cycle length was observed by one of us’ 
in a ease of auricular flutter in which the auricular rate was 868 
(cycle length about 0.163 second). The cycle length shortened, and 
alternation appeared, when the vagus was strongly stimulated by 
pressure upon the eye balls. The alternation was accompanied by a 
slight variation in the form of the circus deflections in the electrocardio- 
gram. It was suggested tliat both of these phenomena were depeudent 
on the same cause, namely, the presence in tlie main path of the circus 
wave of muscle wdiich could not recover completely in the interval 
between suece.ssive circuits of the impulse. The circulating excitation 
wave was consequently forced to alternate between the shorter circular 
path in wliieh this musele lay and a slightly longer path Avliich passed 
around it. A similar explanation may be offered for tlie occurrence of 
alternation in cycle lengtli in auricular paroxysmal tacbycardia if wc 
assume that this disorder also is caused by circus rbytlim. Uniformity 
in the contour of the auricular deflections when the lengtli of the auricu- 
lar cycle alternates requires that the longer and shorter patiis lie close 
together throughout their courses, or, at least, in that part which 
lies in anricnlar muscle wliieli makes a major contribution to the P 
deflection. The variation in cycle lengtli, however, is often considerable- 
It is frequently 0.05 second, and sometimes nearly 0.10 second. Tliis 
sugge.sts that the two paths mu.st differ considerably in leiWh Tlie 
absence of alternation in the form of tlie auricular deflections wlien 
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the alternation of cycle length is pronounced may he accounted for if 
we suppose that, as has been suggested previously,®- ° auricular parox- 
ysmal tachycardia is caused by circus rhythm which involves cither tlie 
sinoauricular or the atrioventricular node. There is evidence that tlic 
tissues of both of these nodes have a relatively long refractory period, 
and that conduction, in the latter at least, is comparatively slow. Thus 
a relatively .slight alteration in the length of the path through one of 
the nodes could cause a considerable change in the duration of the cycle 
without modifying the fom of the auricular deflection. 

The occasional disturbance of the regular alternation of cycle length 
is explained by a slight change in the refractory period at times, per- 
mitting or causing the circus wave to take a slightly shorter or longer 
course, as the case may be. In the exceptional case in which there Avas 
alternation in the form of the auricular deflection, avc may a.ssume that 
the course of the circus waA^e AA’as altered in the auricular muscle rather 
than in the node. 

In a separate communication'* it A\'as pointed out that many of the 
features of auricular paroxysmal tachj^cardia can be explained by 
circus rhythm involving one of the nodes. Other features of auricular 
paroxysmal tachycardia have not yet been explained on this basis. Our 
obserA'ations on alternation of the cycle length in this condition Avere 
made Avith the puiTpose of collecting further evidence bearing on this 
problem. Although they may be explained in various Avays, they seem 
to us consistent AA'ith, and to that extent to support, the aucav that 
auricular paroxysmal tachycardia is caused by circus rhythm involving 
one of the specialized auricular nodes. It is our intention to summarize 
in a .subsequent communication the aA’ailable cA'idence bearing on the 
mechanism of this disorder. 


SUAIM^VRY 

1. Close in.spection of the electrocardiograms in one hundred un- 
selected cases of auricular paroxysmal tachycardia rcA^ealed ten cases 
in Avhich there AA’as a .slight in-egularity characterized by alternation in 
the lengths of the cycles. 

2. This phenomenon may be explained in A’arious Avays, depending 
upon one’s A'icAA’s as to the nature of the underlying mechanism in this 
disorder. 

3. Our obsei’A’ations are consistent Avith, and to that extent support, 
the A'icAv that auricular paroxysmal tachycardia is caused by circus 
rhythm inA’oh'ing one of the specialized auricular nodes. 
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CAPILLARY BLOOD PRESSURE IN MAN. DIRECT jMEASURE- 
MENTS IN THE DIGITS OP PATIENTS WITH RAYNAUD’S 
DISEASE AND SCLERODERMA BEFORE AND AFTER 

SYjMPATHECTOMY 

Ludwig W. Eichna, ]\I.D. 

Baltimore, ]\Id. 

D Y MEANS of the direct microiiijcetion method, Landis’ measured 
■L' the capillary blood pressure in the digits of three patients Avith 
Raynaud’s disease during typical spastic and subsequent liyperemie 
stages. PreAuous studies- ■* AAutli the direct method demonstrated that 
a Amriety of factors induced changes in tlie digital capillary blood 
pressure AA^hieh AA’-ere qualitatively similar in both normal capillaries and 
the abnormally large capillaries of Raynaud’s disease and selerodcma. 
These factors Avere neurogenic Amsoconstrictor stimuli, epineplu’ine intra- 
venously, reactive hyperemia, and elevation of arterial pressure pro- 
duced by paredrinol sulfate. 

The present communication reports additional observations on tlie 
digital capillaiy blood pressure of patients Avith Raynaud’s disease and 
scleroderma both before and after interruption of the sympatlietic 
innervation to the digits. 

METHODS 

General. — The capillary blood pressure Avas measured in the nail folds of the 
fingers by the direct mieroinjection method.ii s The general methods, conditions, 
and precautions were similar to those described in detail in a previous communica- 
tion under the category, general.^ Except for measurements which Avere made dur- 
ing vasospastic circulatory arrest, capillary blood pressure Avas measured only AA’hen 
the blood floAV in the capillary remained visibly unaltered from the normal. 

Particular. — Of the eleven patients AA'ho were studied, seven Avere A\mmen and 
four AA'ore men. Nine of the patients had Rajmaud's disease. In six of these there 
AA'ere associated sclerodermatous changes in the fingers. The other tAvo patients 
had scleroderma alone. The arterial pressure Avas normal in eight of the patients, 
beloAv 100 mm. Hg, sj’stolic, in two, and aboA’c normal during the first measure- 
ment on the remaining subject. 

The ready occurrence of vascular spasm, Avith circulatory arrest in the digits, 
almost always necessitated Avarming the body in order to obtain “moderate digital 
vasodilatation” (digital shin temperature between 30° C. and 33° C.). Sucli 
temperatures AA’ere not im’ariably attained, and comparable states of digital cir- 
culation from patient to patient could not alAA’ays be obtained. Circulatory arrest 
in the nail folds Avas induced by exposing the fingers to room temperatures beloAV 
20° C. (usually 15° C. to 17° C.) and omitting the heating of the body. Local in- 
creases of A’enous pressure in the digits AA’ere produced by inflating a pneumatic cufi 
encircling the upper arm to pressures beloAV diastolic arterial pressure.c 

From tlic Department of Medicine, Tlie Johns Hopkins University Scliool of Medi- 
cine, Baltimore. 
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Intemiptio,! of Uic M-mpiiil.otio, innervalion io il.e (li«Us was accon.pliHl.cd (3) 
temporarily, by injoeliuR a 2 T)er cent i.roeainc Holufion into tl.c region of 1be, 
stellate and upper tlioracic. synipatliotic ganglia, and (2) permancnily, In pie- 
•ranglionic syinpatlioctOTOy. Preganglionic, sympatliectoiny of llic upper eslreinity, 
according io llic nielliod of Sinilliwiek,» was aclneved in three jmtienlK (F. G., 
C. 51., and B. B.). 

Capillary blood pressures rojircseuted by a single value indicate the aveiago 
pressure in one capillary, and wore obtained by averaging tli(>, individutil values of 
a scries of reading.s made during a single continuous observation on that. ea]>illnry. 


RKSWLT.S 

Not infrequently there was tlusliing of Ihe nail foltl.s in wliieh 
capillary blood pressure was heiug nicitsuvcd, while titc vcnniiuder of 
that finger and the olher fingers remained grtiyish or ])urp]i.sh hlnc. 
This erythema was aUribulcd to a dislurbanec of the local civculalion 
in the minute vessels, ctvused, perhaps, by loctil libevaiion of IT sub- 
stance by the trauma of picvciug the nail fold wilh Ihc mieropipelle. 


DIC.ITAI, IKKEltVA'l’IOK INTACT 


Capillartj Blood Pressure Purhuj V (isospusilc Circuldlorp Arrest in 
the Digits . — During vasospaslie, cireulalovy arrest, induced iti the fingers 
by cold, the capillaries of the nail Fold lost thoir ])ink color and smooth 
outlinas. They bcctunc widely dilated loops of indented, irregular con- 
tour, filled with a stationary mass of diirk, bluish-red blootk Apjiarently 
because of the lo.ss of its fluid element, the blood became more compact 
and more viscid. This M-as indicated by the less free movement of 
eiythrocytes into and out of the tip of the micropipotto, by the frequeut 
need of negative pre.ssure to draw blood into tbe mioropijiolte, and by 
the adherence of clumps of erythrocytes to the mici’oj)i])Otto wlien it. 
was withdraw! from the capillaiy. 

In order to obtain accurate moasuvemonts, the eomjiacl mass of 
eiythrocytc.s was first, broken into a loo.se, freely moving suspension. 
Tin's Ava.s aecomiilislicd liy injecting a small amount of solution from the 
micropipettc into the cainllary. Fluid thu.s introduced wa.s .seen to 
drain quickly tlirough the venous limb of tlie capillary and caiTy with 
it some of the compact erythrocyte mass, leaving behind a more loose 
suspension. 


During vasos])a.stie circulatory arrest, ihc digital cajiillary blood 
pressure in all portions of nine caiiillaries of three subject.s varied be- 
tween 7.0 mm. Hg and 32.5 mm. Hg (average, 0.7 mm. llg) (Table I, 
Pig. 3 open circles). 

TMioii the digital circulation wa.s normal, rai.sing llie venous pressure 
in Die upper exti'cmity caused tlie ea])illary liiood pre.s.surc to rise 
promptly, and, wfithin one to t.wo minutes, to o.xcccd the venous pre.ssure.® 
During va.sos])a.stic circulatory arrest, a similar increase in the venous 
pressure induced a mueli slower rise in tlic capillary blood pressure, 
rive to seven minutes were required io attain maximum values. Those 
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approximated, but failed by 2 to 3 mm. Hg to cqnal, Hm ineimsed 
venous pressure (bbg. 1). Suddenly lowering the elevated venous i)rcs- 
surc to its initial level caused the capillary blood pressure to fal 
quickly to its original level (Fig. 1). The rapidity of this fall equalled 
tliat which occurred when the capillary blood flow was swiltly onward. 

Kcleasing digital va.sospasm by producing reflex vasodilatation caused 
the blood flow to return in the capillaries, and digital ca]nllary blood 
pressure to increase at times to values above those usually encountered. 
In three ca}nllario.s, maximum valvms of 24, 34.o, and -10 min. Jig Avere 
olitained (Table I). The digital skin temperature lagged considerably 
behind the return of capillary blood ilow and the rise in cajiillary blood 
pressure (Tabic I). 



Fifr. 1. — nespon.ce of the blood ijre.spure In n .sincle dlKUril cav>lUarv to Increased 
venous pressure during va.so.spa.stic circulatorv arrest induced by cold. 

Tlio ordinates indicate lue.s.surc (nun. Hg) 'in hotli tlic occluding cuff and the ctipil- 
iVZ' abscissae, time in minute.s. Tlio solid line indicates capillary blood pres- 
fna?; ^ dotted line, pressure in tlie occluding cuff. Tlie large liorlxontal arrow 
pressure in tlie tiacU of the hand wlion the cuff pressure wa.s .12 
M aiagram.s of the capillary, tlio .straight lino shows the location of 

circuKtorv'arrest*” ^ capillarj-, and the arrows, the dlrootion of blood How before 


Wlien the eircuhition returned to the ctijiillaries after a period of 
vasospastic circnlatury ari-c.st, stalionaiy crythrocyte.s M'crc found .iust 
beyond tlie visible .summits of a few capillaries. These crvihvocyle.s 
were not in the visible current of the caiiillary blood .stream, and' ap- 
peared to he not even connected with the ad.picont capillaries Such 
emhrocyles were present in cither of two forms: (a) as loose aggre.ru- 

tions of widely-spaced, stationary, individual cells ("fuzz”) (Fig. 2/1) 
and (h) as small, compact, nonmoving masses of packed colls T'Mmi! 
ons ) (Fig. 2B). There is reason to believe that these aggregations 
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of eiythrocytes are not cxtracapillaiy, as tliey appear to be, liut are 
actually intracapillary. 

On one occasion, individual eiythrocytes ivere repeatedly thrown off 
from the visible capillary stream at the junction of the aileriolar limb 
with the summit. Flung beyond the visible summit, these cells became 
stationary, and, when joined by others, formed a loose aggregation 
(“fuzz”)- In time, closer clumping occurred, but no compact mass 
(“button”) was foimied. Occasionally, a few well-separated, stationary 
erythrocytes connected a compact clump (“button”) wuth the visible 
summit of the capillary (Fig. 20). 




P E F 

Fig. 2. — Diagram of types of erythrocyte aggrrogation found outside tlie visible 
summit of the capillary when digital circulation returned after a period of stand- 
still. 

The capillary is diagranved in black ; the large arrows indicate the direction of 
blood flow, and the small arrows, the direction of rotation of clumps of erj-throcytes. 

A, Loose aggregation of individual erythrocytes (“fuzz”) ; U, single, stationai-j- 
clump of packed erythrocytes (“button") ; C, individual cells connecting summit of 
capillary blood stream with a clump of packed cells ; D, single clump of packed 
erythrocytes in rotation ("pinwheel"). The dotted arrow indicates the path fol- 
lowed by tlie clump in returning to the main stream ; JE7, two separate clumps of 
erythrocytes rotating beyond the summit of a single capillary ; F, possible mechanism 
by which ei-ythrocytes remain outside the main capillary stream. 

Peripheral to the erythrocyte portion of the capillary blood stream is the clear 
plasma laj'er. It is assumed that, at the junction of the arteriolar limb with the 
summit (point X) there is a localized capillary constriction which deflects the blood 
flow from the summit. 


Oil sevezul occasions, compact masses of erythroc^des were rotating 
like “pinwlieeks” just be,yoncl the visible suinmit of the capillaiy (Fig. 
2D). These masses wei’e usually of iiTegular contour, and their rota- 
tion always took place in a direction opposite that of the current in 
the adjacent eaiiillary. Two separate clumps have been found rotating 
beyond the summit of a single capillary (Fig. 2E). Once a rotating 
clump of eiylhrocjTes tvas observed to move .slowlj’’ toward the venous 
limb of the capillaiy, and then suddenly enter the main capillary stream 
at flic junction of the venous limb with the summit (Fig. 2D, dotted 
arrow). In a similar mannei*, loose aggregations of eiythrocytes 
(“fuzz”) have been seen to enter the adjacent capillaiy. 
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amllan, mood Pre.s«rc Wkm Dim^ Blood Flow^Was ‘‘l^ornml’’ 
The cnpillaiy l 3 lood pressure in the same location of the same capi_ a 5 
(v»vMo„, 2 10 3 mm. Hg) ttawghoBt any srn^e 
n-hen the digital akin tcmperatui'e nomamed relatively n^ 
clianged (Table II), but from person to person, and even fiom eapi ^ 3 
c'pilli-v in the same subject, the capillary blood pressiu-e varied 
consiLablV, oven though the digital skin temperature was brought 
to the same level (Fig. 3). These variations were usually less maiked 
than those previously obseiwed in normal and hypertensive subjects. 



Pres.suras, represented by open circles, were obtained during vasospastic circulatory 
arrest (skin temperatures about 15° C.) and all others during active blood flow. 


Figs. 3, 4, 5 are similarly constructed. Ordinates, digital capillary blood pressure 
in mm. Hg ; abscissae, digital skin temperature in degrees Centigrade. Each dot rep- 
resents the average capillary blood pressure in the designated location of a single 
capillary at the skin temperature indicated by the abscissa. Each liorizontal arrow 
and number above the ab.scissa line gives the average of the pressures represented by 
the corresponding dots. 


Shin Temperature. — ^No measurements of digital capillary blood pres- 
siu’e in the same capillary during large changes in digital sldn tempera- 
tiu'e were obtained. However, the skin temperature was measured at 
the time of each measurement of capiUaiy blood pressure. Tins per- 
mits evaluation of the relation.ship between the two (Fig. 3). Over a 
vide range of temperatures (from 24° 0. to C.), the digital 

capillary blood pressure did not change significantly ^vith the skin 
temperature (Fig. 3). Excluding values obtained during circulatory 
arrest, the capillary blood pressure and its range of variation were 
similar at all levels of sldn temperature. Only in the summit of the 
capillary at the higher temperatures (31° 0. to 33° C.) was there a 
tendency toward higher values. This was regarded as inconclusive 
Gradient of Fall of Pressure Through the Capillary. average 
digital capillaiy blood pressure in eighteen arteriolar limbs was 18 5 mm 
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H- (range, 11 to 36.5 mm. Hg) ; in thirty-one summits, 22.-1 mm. lig 
(rmme, 12 to 39 mm. Hg) ; and in fifty-tmo venous iimhs, 19 
(range, 12.5 to 41 mm. Hg) (Fig. 3). Hence, the gradient of fall ol 
pressure in these dilated capillaries was small, namely, 2 to 3 mm. Hg. 

Even more .significant was the absence of a gradient of more than a 
few millimeters of mercury between the various locat.ions of the same 
capillary ■when mea.surements were made in a. single cxjicvimcnt dui ing 
which digital skin temperature and brachial arterial iirc.ssure remained 
constant (Table III). 

It is emphasized that the majority of these measurements, both in tlie 
.same and in different capillaries, were made wiien there was "moderate 
va.soclilatation” (skin temperature, 30°+ C.), and blood flowed swiftly 
and eontinuou.sly onward through the capillaries. 


SY.AIPATHETIC INNERVATION OF TME DIGlT.S INTERRUPTED 


In some eases, pi’cganglionic sympathectomy of the upjier extremity 
was followed by a return toward normal in the morpliology of tlie 
capillaries. The almormally large loops, witii slowly flowing, bluish-red 
blood, became smaller, narrower loo])s containing rajiidly flowing, ])ink 
blood. This change was attributed, not to the removal of the .sym- 
pathetic innervation per se, Imt to the improvement in digital circula- 
tion which followed the abolition of periods of circulatuiy arrest. A 
.similar change was noted in one ease after one month ’s lio.sjiitalization 
in a waiTii environment. During this period, vasosimstic periods spon- 
taneously became much less frequent and less ]')rolongcd. 

Even after removal of sympathetic activity by satisfactoin' pre- 
ganglionic sjnnpathectomy, the digital capillary blood pressure still 
varied consideimbly from subject to subject (Pig. 4), and even from 
capillary to capillary in the same .subject during a single experiment. 

Sldn Temperature . — ^After sympathectomy, the digital .skin temiiera- 
tiires were higher, ranging between 30° C. and 35° C. At all skin 
temperatures throughout this range, the capillary blood pre.ssures for 
all locations in the capillary fell within -the .same limits. There wa.s no 
relationship between capillary pre.ssure and digital skin temirerature 
(Pig. 4). 


When the digital skin temperature remained relatively constan 
(variation le.ss than 2° C.), repeated measurements of the eapillam 
blood pressui-e in the same location of the samo.capillarv varied bn' 
sbghtly (5.5 mm. Hg) (Table II). 

Gradient of Full of Pressure Through the Capma.rij.~'P]xa avera"! 

’gital capillary blood prc.s.sure in eleven arteriolar limbs was 21^ 

g (range, 14 to 40 mm. Hg) ; and in twenty-four venous limbs, 2l.( 
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mm. Hg (range, 13.5 to 40 mm. Hg). TJie gradient of fall of pre.ssnre 
tlirougli these capillaries was, lliercfore, relatively small, and more 
apparent in the average Amines than in the scatter chart of all measure- 
ments (Fig. 4). A moderate gradient through the capillary was pres- 
ent when the digital capillaiy blood pressure Avas measured in different 
locations of the same capillary during a single experiment throughout- 
which sldn temperature remained constant (Table III), 



2S 2? 23 31 33 35 25 27 23 31 33 35 25 27 23 31 33 35 


SKIN TEMPERATURE ®C 

Fig. 4.— pigUal caplllarj' Wood piw.sure In different localion.s In tlio capillary at 
varying digital skin teniporaturo.<!. Sympatlictic Innen'atlon interrui>ted. 

of prc.s.sijro tUrounh tiie capillary W greater tlinn during Intact 
innervation, but is still small. 


COMPARISON OF CAPILLARY RLOOO PRESSURE WHEN THE INKERVATTON WAS 
INTACT AVITII THAT AFTER INTERRUPTION OF SVAIPATIIEaTC ACTIVITY 


Although the average capillary blood pressure for each location in 
the eapillaiy Avas somewhat higher after interruption of sjnnpathetie 
activity than before interruption (Fig. 5), this was strikmg for only 
the pressures in the arteriolar limb. In this location the aA^eragc pres- 
sure was 9.3 imn. Hg liigher after sympathectomy than before, and the 
individual values scattered over a higher range. In the summit and 
Aenous limb the indiAudual Amines scattered over the same limits after 
sjmpathectomy as before, and the differences in the average values Avere 
lut 2.8 mm. Hg for the summit and 2.G mm. Hg for the venous limb. 

1C giadient of fall of pressure in the capillary seemed more definite 
sympathetic activity than before (Table III, 


capillary blood pressure measured in the same 
svmmti capillary (two venous limbs) both before and after 

Avas venous limb the pressure before symi)aihcolomy 

to 19 mm. Hg, and after sympatbectomy, 19.5 mm. Hg; in the 
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Other venous limb, before sympatbectomj-, it was 13.5 to 18.5 mm. Hg, 
and, after sympatbectomj’, 22.5 mm. Hg.' 
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SKIN TEMPERATURE °C 


lUg:. — Digital capillary blood pre.s.=;urc in different location.s in tlie caplllarj 
ivlien innervation was intact, compared with similar pressures obtained after in- 
terruption of s.vmpatlietic innervation. 


m.SCU.SSlON 

Tlie digrilal caiiillaiy blood pre.s.surcs of 7.0 1o 12.5 mm. Hg during 
va.so.s])a.stic cireiilalory arrest and 24 to 40 mm. Hg during sub.sef]Uonlly 
induced reflex va.sodilafation agree favorably with the values oblained 
by Landi.s’ under similar eondition.s. Our data also confirm the observa- 
tions and conclusions of Landis’ that va.sosiiaslie circulalory arresf in 
Ibe digits is jirecapillary in oi'igin, and that it is a.ssociatcd with jiateney 
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of the capillaries and venon.s channels. Tiic following observations, 
made during circulatory arrest in the capillar.r, substantiate this ex- 
clusion; (1) When fluid is injected into t.hc ca])illar.y it drain.s readily 
out of the venon.s limb; (2) capillary blood pressure rises slowly during 
an induced increa.se in venon.s pre.s.surc in the upper extremity; and (3) 
capillary blood pressure falls promptly when the increased venous pres- 


sure is quickly reduced. 

Several factors may explain why crythroeyte.s are found beyond the 
visible capillary blood stream when digital circulation returns after a 
period of arrc.st: (1) The assumption that eapillaric.s possess inde- 
pendent, localized contractility,’” and (2) the iact that blood flon.s 
through the capillary in an axial .stream, the central crythroeylo por- 
tion of whicli is visible, and the peidjiheral ])lasma layer, invisible. 

Localized constriction of the capillary at the junction of the arteriolar 
limb with the summit (point .r. Pig. 2F) would produce an indentation 
at this point. This iirotrusion would dctlect the blood slrenm and pre- 
vent it from sweeping info the outermost summit of the eajiillary, where 
now a .stagnant "pool” is formed. Such a localized constriction during 
vasospastic circulatory arrest, if it peixi.sled after the refiu'n of blood 
flow in the capillaiy, could trap a comjiact clump of eoll.s ("button”) 
in the "pool” at the summit. The clear ]dasma layer between the 
clump of cells and the visible erythrocyte jiortiou of the axial .stream 
gives the illusion that the clump is outside the capillary. AYiien the 
pla.sma layer of the capiflaiu' stream impinges on the exercseenecs of 
the clump of ceils, the entire ma.ss is .set into rotation like a "pinwlieel ” ; 
otherwise, the ma.ss remains stationary. ,<\.s the cajiillary stream sweeps 
pa.st the indentation, it may fling off individual enihroeylos into the 
"pool” at the .summit, whore they accumulate in loo.se aggregations 
("fuzz”). Pciaxalion of the local constriction would ])crinit the cajiil- 
lary .stream to .sweep into the "iiool” at the summit and enrry away in 
itself eveiything therein contained. 


The anoxemia of circulatoiy arrest may so damage the ca]nllary endo- 
thelium that it heeomes sticky, causing erythrocytes to adhere to it. This 
may also he a factor in holding stationary individual or clumped oryfhro- 
cj-tes against the force of the perijflieral layer of the ea})i!lary blood 
stream. 


A widely accepted view holds that the gradient of pressure from tbe 
arteriolar to the venon.s limb of the capillaiy is of considorahlo magni- 
tude (20 mm. Hg). It is, there foi'c, significant that in the abnormally 
arge capillaries of these ])at.ien1,s the gradient of prc.s.sure between tbe 
arteriolar and venous limh.s was small (2 to 3 mm. Hg). This wa.s 
maintamed even during the .swift blood flow assoeinted with "moderate 
digital vasodilatation.” In these capillaries a small gradient of iircs- 
svire IS sufficient to produce a swift flow of blood, and factons other tlnn 

ITo ««»«otic pressure influence the passa-c 

f fluid through the capillary membrane. ° 
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In abnormally large capillaries, just as in those of normal size, wide 
variations in digital skin temperature (24° C. to 34° C.) were not ac- 
companied by significant changes in digital capillary blood pressure. 
Only Avhen the digital eireulation slowed markedly, or stopped com- 
pletely, did the capillary blood pressure fall outside the usual range. In 
these abnormally large capillaries there also appears to he a homeo- 
static mechanism^ which pemiits unde fluctuations in digital blood flow 
without great change in digital capillaiy blood pressure. 

When compared at similar digital skin temperatures, the capillaiy 
blood pr&ssure after loss of sjunpathetic activity was not strikingly dif- 
f event from that before sjmipathectomy (Fig. 5). In the summits and 
venous limbs no significant differences were e^ddent. The somewhat 
gi-eater capillary blood pressures in the arteriolar limb after sjmipa- 
thectomy sugge.st a release, at least to some extent, of arteriolar tonus. 

SUMMARY 

1. During vasospastic ch’culatoiy arrest, induced in the fingers by 
cold, (a) digital capiUaiy blood pressure varied between 7.0 and 12.5 
mm. Hg (average, 9.7 mm. Hg) ; (b) digital capillaiy blood jyvessuve 
rose slowly in response to induced increases in venous pressure, but fell 
proynptly when the increased venous pressure was suddenly lowered; 
(c) cessation of blood flow through the capillaries was caused by closure 
of vessels proximal to them. The capillaries, venules, and veins re- 
mained patent. 

2. Eiythrocytes in clumps or loose aggregations may be isolated out- 
side the central capillary blood stream when the digital circulation 
returns after a period of vasospastic cireulatoiy arrest. Localized con- 
.striction of the capillary, or stickiiiess of the capillaiy endothelium, or 
both, may account for this. 

3. In fingers with intact inneiwation the average digital capillary 
blood pressure was as follows: arteriolar limb, 18.5 ram. Hg; sum- 
mit, 22.4 mm. Hg: and venous limb, 19 mm. Hg. The gi'adient of fall 
of pressure through the capillary was small, usually less than 3 mm. Hg. 

4. In fingers deprived of sjunpathetic innervation the average digital 
capillaiy blood pressure Avas as follows: artei’iolar limb, 27.8 mm. Hg; 
summit, 25.2 mm. Hg; and venous limb, 21.6 mm. Hg. TJie somewhat 
greater capillary pre.ssure in the arteriolar limb suggests release of 
arteriolar tone. The gradient of pre.ssure in the capillaiy is still small 
(6 to 7 mm. Hg). 

Tlio author wislics to thank T)r, Janic.s Uonlloy, TIT, Tor con.'-tant and hclpTul 
advice and criticism througliont tiic study; Pr. Harris H. .Shtiinackcr, Jr., for 
interrupting the sympathetic activity to the upper extremity, hotli hy tiie injeetion 
of procaine and J>y operation; and ^Ir. Milliain A. Okfavee, Jr., and kliss INIargol 
Robinson for tecJmical jissistancc. 
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ANEURYS:\I OF THE ABDOMINAL AOKTA, WITH 
RUPTUEE INTO THE DUODENU]\I 

Case Report akd Ee\te\v of the Literature 

Antoxio Rottixo, ]\LD. 

New York, N. Y. 

' I 'HE purpose of tliis paiier is to present a ease of abdominal aneurysm 
whicli ruptured into tiie duodenum, and to review thirty-one similar 
eases from the literature. Although the fii’st of these was found in 
1843,- the phenomenon must have been observed pi’ior to that time, for 
Charnel and Dalmas,^ in 1833, stated that “rupture into the ga.stro- 
intestinal tract is one of the complications of abdominal aneurysm,” 

Table I gives the es.sential data in each of the thirty-one cases.-"'®’ 
There were twenty-five males and five females fin one ease the sex ivas 
not given). The patients’ ages varied from 20 to 81 years. Between 
these extremes, the distribution of cases is fairly even. 

The usual manifestations were abdominal pain, an abdominal mass, 
hematemesis, melena, and shock. The combination of these symptoms and 
their rapidity of development vai-ied from case to ease. Bernacchi’.s’® 
patient had been cognizant of an enlarging abdominal mass for many 
years: during convalescence from pneumonia, after days of abdominal 
pain, he Avas aAvakened from .sleep by hematemesis. Avhieh was followed 
rapidly by death. In a second ca.se the patient Avas oAvare of an abdominal 
ma.ss for tAvo years before hematemesis occurred and death ensued. Other 
patients gaA'e histories of gradually progressing Aveakness, Avitii subse- 
quent hemorrliages fi'om the ga.slrointc.slinal tract. In still other.s. ])ro- 
dromal .symptoms Avere pre.sent in the form of jiain in the eiiigastrium. 
lumbar area, umbilical region, or in the loin. In .some instances these 
.symiitoms AveiT pre.sent as long as Iavo years before the aneurysm ru))- 
tured. Particularly jiuzzling Avas a patient Avith .sym])tom.s ot jieptic 
ulcer for many years: .suddenly, .sei’ere pains deA'eloi)ed and hematemesis 
folloAved. 

The time relationship of death to the onset of hematemesis A’aried. 
It Avas almost immediate in some ca.se.s, and, in others, AAas as long as six 
Aveeks. In the interim, one or many reenrrenees ot melena and bloody 
A'omiting occurred. 

I'Yoin .S'. \’inrrnt'.« N'.«' AYrl:. X. 

for iHilinc:Uion J.'in. t’l, IfM-. 
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nc i,.,p„rta.u pi.™,., ... - j ';:^-;;;"t::ii::!,:';:: 

• ». a n,lc, iml. .vaa van-lv cxpapsila L. 

.... 1 . 


usually 

present, nr, <i 

thrill was fell, and a murmur heard. 

PMohnic Otar,-, or n«. 
tvpc- othens were so-called aneury.smal ddalata.ns, Ih u • 


i-ular 


tvne- Oiticr.s were su-r.uivu ... r,,,, 

Nation ,0 11.0 of II, o ul,.l,...,u,.,l ......I;. »»» ... 'J” > ' " 

mslunees. One. aneurysm wa.s elns-e 1» Ihe d.apluamau and ih ulh ^ 
were found at all levels from ahovo tin- eeUac- axis to .pist ah-we h 
bifurcation of the aorta. In re-ard to organs pertoratcl i.y > 
aneurr.sms, five ruptured into the stomach,'’ ' ' 

.ieinnumd'' one into the small intestine^ {the exacl site was not spccdied!. 
and twenty-four into the duodenum (twenly-tbree into the tlurd }inrt. 
one into the second part) . 


C,\SK KW’OUT 


A wtiito imiii, aped .ya, cntorfit Pt. Vincent's lliisidtat, Xcw \ (irt, f ify, -'I 

IS.'ta, compluininp of painful “arlltritiH" of lln* ripiil iiip. In .^Iny. i"' trad 

had Type I pncunioeowns pneumoniu, eomplicaicd liy cmpyctna, and later Iiy 
artliritis. On admission it ^Yas noted ttiat the !imi) in <]ia'stitii\ was sUoitened sliptilU, 
and was ripid bonaii.so of jiaiii. Itoenlpenolopic study disidosed destru'dion of ttie 
articular cartilapos and narrowinp of the jiiint .space. I'or llie ri'inaininp ttiris' 
months of his life the patient was liedridden. Piirinp the fust half of this perif>d 
ho seemed more or Ic.s.s coiiifortahle, after which lie hepan to comj'lnin of cotistant 
pain in the epipastriiiin. At fir.st the only atMiornmlily w.as tenderness nnd .«pa..*n! 
of the rectus muscles. Later, a jnilsalinp mass Iiecame pahiahle. in tlie epipu>.tric 
region. Tiic mass increased in sizi? until if reached Hint of a small ornnpe. .V l.ruit 
w,as heard over it. Two day.s before death the patient htal .‘•uddi-ii hemateinesis; this 
recurred several times, and was followed hy melenti up to the time of death. The 
Wood Kahn reaction was negative. Koentpenoiogie study of the stoma.'h showed 
a deformity suggesting extrinsie jiresstire. The pastrje contents and urine were 
normal. Tliroughout the cour.-e (here was a fever of i" F., with an o'-ea.sional rise 
to 100° F. One blood cell count a month hefori* deatli showed Vl.-UH) Icucocvtes, 
6t per cent polymorphonuclear leucocyte.-, tlS })er cent lyiiiphotiyte.s. four i:ioiioevte.<. 
and one eosinophil. 

Autoihttj.—'i'Uc important lesions were in the abdominal .-lorhi atid duodenum. On 
the anterior surface of the aorta, 2\l, cm. below the rmml arteries, there wm- a 
saccukv aneup-sm which measured 7>/, x 7 x -! cm. Its external surface was tlrndv 
adherent to the outer .surface of the third porli,,,. of the duodenutu. The ndhesio'n 

Oroolte U ^‘'ruetures. 

and that it T I'lled witii n linn tliromlms 

dwS 1>.e aorta through an opening d cm in 

V.S *-'’“■■■ 

the descending tliovacic and abdomin-t' Wiserved. Scattered fhrougii 

gross changes suggestive of synhili.s wero^Tt*'""!* 

the aneurysm, where the intima was wrinklwfT^' "I''"’'' 

On opening the ga.strointestinurtrr • ' 

postCTior wall of the mid-transverse 'lim'b '"V"'"/"'’'"'™ 

mumeated with the underlying, adimront ^ Ills opening eonn 

• t A thin strand of 



Fig. 1. — Abdominal aorta opened posteriorly, exposing mouth of aneurysm. 
Aneurysm itself is filled with thrombus. Defects at margins (c) are caused by re- 
moval of blocks of tissue, a indicates moutli of celiac axis, h indicates mouth of 
superior mesenteric artery. 



Fig. 2. — Tliird portion of the duodenum. Xote tlie Irromilar \ilcer. A .‘iinali band 
of mucosa cxtcnd.s from one margin to tlic otlier. 
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duodenal mucosa extended across the perforation. The margins of the perforated 
area were sharp, and .showed notliing indicative of a pre-existing peptic ulcer. 
Clotted and free blood was found in the stomach and in the .small and large inte.s- 
tine. 

The heart weighted 350 Gm. and appeared to be well prc.scrved. 

Anatomic Diagnosis . — Saccular aneur 3 -sm of the anterior w.all of the abdominal 
aorta, with rupture into the third portion of the duodenum; massive liemorrhage 
into the gastrointestinal tract; ischemia of the liver and kidney; mild atherosclerosis 
of the aorta ; mild atherosclerosis of the cerebral vessels. 

Microscopic Study of the Aorta . — All of the ascending aorta Wiis cut into .serial 
b oeks in such a manner as to include its entire circumference. Many sections wore 
prepared from the descending aorta, especially through the aneurv.sm. The stains 
employed were hematoxTlin and eosin, AVeigert’s clastic ti.ssue stain, tl.o Masson- 
GoLdner tnchrome stain, and the Giemsa and Gram stain for bacteria. 

„,-f 7 V elianges were observed in the ascending aorta, .such ns afhorosclerosi.s 
1 I oca compression atrophy of the underlying media, occasional zones of medial 

sider cno) f' exhibited alterations, it might bo well to con- 

-rMrrst: 5- 

and covert 2y thrombus ^inourysnml wall .some of these were ulcerated 

aneury.sm contained ^etotlSTiLd^cr™"^’ superior to the 

large round cells. T1 e ch l.vu>phocyte.s, and 

dipped into the aueurtmM “ 1 it 2 .Tf ° "’Odia 

hyahnized fibrous tissue made up the wall" ‘^'‘PPaared, so tliat in its depth only 

uarrow layer devoid of muscle colls. Ju.!t Lm- compressed into a 

reduced in numbers and were thin anrl f elastic lamellae wore 

duodenum and the inferior vena cava t t "djoinmg .structures, such as the 
- rt was the inferior mesentcL i rU !-h"^^ I^aorporalod 

abscesses % P"^J-'"°7phonucltL'VuctVtrfo^ 

ProlU.,.,i.r - ‘l'« Purlnc. i Tl,c 

SM»« of oU„. . ' “broMastis 

anthraeosis of the arteriosclerosis of U 

apleen, arteriosclerosis of"tf degeneration of the ]ive7 ^’cssels, 

tubules TJjf. no ^ small renal arteries n i -i ^ cells, ischemia of the 

“"I 
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dominal aneurysm, should be considered, although in this particular ease 
verj^ little atherosclerosis was found. There is a possibility, of course, 
that it might have been particularly severe at the site of aneurysm forma- 
tion, and subsequently became obscured by ulceration and thrombus 
formation. This, however, would be most unusual, for it is the rule that 
atherosclerosis is present to a rather severe degree both in and beyond 
the aneurysm, and remains detectable despite thrombus formation. A 
final possibility is mycotic aneurysm. The presence of organisms in our 
case complicates rather than clarifies matters. Unfortunately, cultures 
were not made, so that one has only morphologic criteria for identifica- 
tion of the bacteria. They were large. Gram-positive bacilli, some of 
which contained spore-like vacuoles. The resemblance to B. suhiilis 
was close. The problem is made more perplexing by the fact that the 
organisms were found in the wall of the aneurysm and on the surface 
of the thrombus whieli filled it, and in no otlier place in the bod.y, tlms 
eliminating the po.ssilnlity of ante- or post-mortem bacteremia. A prob- 
able reason for the peculiar localization is that the organism reached tlie 
aneurysm via the duodenal perforation. More suggestive of a mycotic 
origin is the fact that there was an antecedent history of pneumonia, 
complicated by empyema, and later by destructive artliritis of tlie hi]) 
joint. It was during a three months’ stay in bed for this condition that 
the aneurysm was discovered and subsequently seen to grow and finally 
to rupture. Unfortunately, we were not able to demonstrate cocci. Of 
the cases collected (Table I), in only four was the aneurysm reporlccl 
as mycotic.'*-’ Tlie stories of these are as follows : 


Case of Fod:i2 Tlie patient was a 28-year-olcl man. A week before admission 
he had a right inguinal abscess, fever, and pain in tlie lumbosacral area. After 
incision and drainage the abscess healed, but the pain persisted. Physical examina- 
tion disclosed a tender, protuberant abdomen. An orange-sized mass was felt in the 
epigastrium. After four days of diarrhea he vomited blood and died. Necropsy dis- 
closed a false aneurysm which communicated with the aorta on the one hand, and 
the third portion of the duodenum on the other. Microscopic examination disclosed 
streptococci throughout the adventitia, in the periaortic tissue, in the walls of the 
aneurysm, and in the serosa of the duodenum. Small abscesses were also found in 
the adventitia of the aorta. The author concluded that, with the inguinal abscess as 
a focus, the infection spread to the prelunibar lymphatics, producing a periaortic 
cellulitis which, in turn, infected the wall of the aorta and led to aneurysm formation. 


Case of Gerlachue The report concerned a 20-year-old woman. She had abdom- 
inal pain and died of hematemesis. Autopsy revealed a saccular, false aneurjsm 
between the .superior and inferior mesenteric arteries,' it nas .idhcrcnt to t ic 
duodenum and had ruptured into it. Becau.se of a history of throat infution . lort \ 
before, the patient’s youth, and the lack of other ctiologic f.u.tois, it 
that the aneurysm was mycotic. 

Case of Kern:20 The patient was a -tO-year-old man who 
media with a high fever. The condition per.sisted for two 
continued to be weak, had low-grade fever, and developed a bu - 
lumbar region. Three weeks before admis.sion he developed an 
which reaclmd lOd” F. Physical e.xamination failed to d.sc lose .. 

Vfter a febrile cour.se of three weeks he began to voant blood and dad. At 



kottino ; 


A^'KUUVSM or AW'OJIIN'AI. AOIt'lA 


H:ir> 


11 ., wn's .frmna 


jKirtu ton; vw 

uiul li'il iiA“' 


ailditioii, nil opciuiip:, 2’4 X cm-j 

an aneiiry.‘!ni. The latter, in turn, w..,^ 

and conununieated with its lumen. The imtlior •>' 
aneurvsni in this en.se. Ho felt that it niipht l.e myeutn-. 

Case of Fellcr:2< The luitieut was a L’T-year-old man who ua- ojxr.i -< 

duodenal ulcer. He .suhsequently died. Autoj.sy dlsrlo^ed an nmuirv.Mn .ilen. U 
celiac axi.s which was adherent to, and eoinmunii-ated with, I m i. . n 

scopically, Grum-positivo eoeei. in e.hain.«. were di.seovered in the tilum and i>\ y 
morphonuclcar leucocytes which covered the inner siirfma- of the anetirixn, ih- 
thor concluded that the aneury.sm was myeotie in natiin-. le'iter, he ..htaimd 
t, had had furunculosis one and one-half years heft.re, and. 
Five uumtliH after this lie ilevelopcd .-cvere hriehache titid 

iilt'i), i! i.s ftppiirni! llin! 


linn* X •' V' VlU*. - I . * t . 

wtfi, ti« lumen. The nnthor was not sure oi the miwe of tl, 


author concl - 

a history that the patient had had furuucnlosis one 
a year later, tonsillitis, 
fever. 

.Since only Ihese four cases liavt? been reporter , 
ruptvu'G of ii mycotic alttloininal aneury.sni into tlie jiii.strointe.stiini) trtiet 
is rare. Careful scruliny sliotv.s that in onl.v two of the above was 
the diagnosis apparently proved: in the otlier.s it was dinibtfiil. It i.s 
possible that our ease ftills in the doubtful group. 

Eogardle.ss of cause, other features of the ea.se are of itilerc.st. f>tu! 
of these is the fact that, the u.sual silo for rupture into tin* ga.strointi-.stinfil 
tract is the third portion of the duodenum. Tlic reason for the jiartimilar 
predilection for this part of tiie intestine lies in the faet that it is rela- 
tively fi.xod, so that it is not as easily di.sjilaeed by a gr.idiiall.v ejilingitig 
tumor a.s arc the stomaeli and sum!! itifesliiu'. The pvessnii' of the 
aneury.sm produee.s irrifatioti which leads to fibrous adhe.sions. and. 
eventually, to focal necrosis of tlio duodenum. Shtbsequimtly, digestive 
.iuiees probably play a part in aeeeleraling the perforiition of the one 
organ into the other. 

SODIAKV 

1. Thirty -one eases of rujiture oi an abdominal aneurysm into the. 
stomach and duodenum were colleeled from the literature*. 

2. The clinical and pathologic data on tlie.se ea.ses are jirc.sented in 
table form. 

3. Four cases of what was )>i'obal)ly mycotic aneurysm were eoHected 
from the literature and arc described. 

4 Another case of aneury.sm which may Imve been myeotie, is re- 
ported,- in tins ni.staneo the aneury.sm nijdured into the duodenum. 

tucncui’.Ncics 

; r,nZ: 1 ,- 

- 

Arclo f. klim Mc<l. 13: 3M -^hil.mir.nli.^, 
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CONGENITAL SUBAORTIC STENOSIS ITITU nKl.’OBMITV 
OF THK AORTIC \ MA I'. 

r> nr \ With Compucatixg Sgwagute Bacii-.I'.iag Lxd 

Repokt of a U\sil IV ihiPTTiKr or 

CARDITIS AXD SIycotic Axeurysm Resoehm- in Ri^ - 

THE Aorta Into the PERiCARmuM 

TT AT Pnvvr-l>TV '\n) AVaSIUXOTON', 

Bernard J. Walsh, M.D., Harold ^ . CoNXE-.n, A. 

D. G, AND Paul H. White, ]\I.I)., Boston, Has>. 

A jMONG the raver types of eonwiiital licarl rliscasc is sub-ioifR 
A stenosis. AbbotP described twelve instances amonu oiie tlumsand 
eases ol congenital heart disease. AVigleswortir- lonnd oidy tlurty-six in u 
review o£ the literature prior to 193<, to wbieb be added one c.isc. 
instances o£ this congenital anomaly bare been ionnd m more than cn 
thousand autopsies at the }.Iassaclmsctls General Hospital.^- Because the 
reported cases of subaorlie stenosis arc so few, and because subaortic 
stenosis may be confused clinically with acquired aortic valve tii.'ve.ise, 
cliiefly rlieiimatic in type, as it was in Ibis case, we arc adding this re- 
port to the literature. Coiigcuitally deforniod aortic valvi'.s, ]-)er .se, are 
occasionally seen at post-mortem examination, but wo have foninl in the 
literature only one oilier case in wliich a congenitally deformed (bi- 
cuspid) aortic valve was a.ssociated with subaortic stenosis. In that case, 
reported by Tlmrsfield and Scott, ■* there was jirolialily, also, slight 
coarctation of the aorta. It is of HH’tbcr inlore.sl lliat the death of our 
patient was the result of cardiac tamponade from ruidure of a myi'otie 
aneurysm within tlie pericardial sac. 


CASE RKrORT 

Mrs. C. was fir.st seen by one of iis (P. D. AY.) in ID2D, at llin ago of 17 yoar.*, 
when a tliagno.si.s of rheumatic, or, pos-sibly. congenilal, Jieart di.-case, aortic stenosis, 
and slight aortic regurgitation was made. There wa.s no clear-cut liistory of rheumatic 
fever. She was exaniinod for tlie .seeond time ten years later, during the carlv 
part of pregnancy. Tlie iioart was essentially the sumo as ten ycar.s before. I’reg- 
nancy was borne ivithout difficiiltj-, and .slie was in excellent health in Ajiril, 
1939, after the forceps delivery of a healthy baby. She continued well, leading u 
moderately active life without di-scomfort, until April, 19-10, when there ajipeured, 
two weeks after extraction of a tooth, unusual fatigue, chills and fever, and diarrliea! 
There devetoped considerable pain, tenderness, and swelling of several lanm joints. 
She was studied carefully in order to a.scertain tlie nature of (lie infection, and a 
subacute bacterial endocarditis was made, witli positive .SVrepfococenv 
^lr^dans blood cultures, some weeks thereafter. Slie was given sulfapvridinc but did 

“na anrt^ 1 ^«causc of much nausea and vomit- 
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On Jan. 6, 1941, slie was .‘^een by one of us' (B. J. W.) because of llie sudden 
onset of severe pain beneath the upper part of the sternum and left clavicle. On 
e.xamination she showed numerous petechiae, particularly over the soles of the feet 
and in the conjunctivae, marked pallor, and scattered pulmonary rales, jjarticiilarly 
on the left side, behind the heart. There was moderate enlargement of the liver; this 
had not been present before. The spleen was readily palpable, as it had been since 
April, 1940. There was no edema or shortness of breath. She was able to lie flat 
without distress. On examination of the heart there was heard a loud, rougli 
systolic murmur, maximal in the aortic area to the right of the sternum, but -well 
heard over the entire chest, and accompanied by a thrill. There was a slight blowing 
diastolic murmur along the left sternal border. The heart was much enlarged; the 
ape.x impulse was visible 11 cm. to the left of the midsternal line in the fifth inter- 
costal space. The aortic second sound was present, but greatly diminished. Tlic 
blood pressure measured 100/70. 



FiK-. 1.— Drawinc- of opened loft ventricle and first part of aorta. A. Internal ojan- 
in*' of nivcotic aneurvpni, "witli probe inpertcH. li. Aortic valve, witli vcR’etatioriP. Tiie 
arrow no'ints to the liirKC po.sterior cu.sp, on each side of which there are .small anterior 
cn.'ps .^m,'u-at^c^/h> a,7elSe<l raph'e which i.s hidden at the left-hand side of lie 
drawing ; about Iialf of oacli anterior cu.sp I.s vi.sible in the drawing, flanking tlie 
large posterior cusp. C, Subaortic shelf. 


Death occurred suddenly twenty-four lioiirs later, .apparently not i)receded by j.ain 
or other unusual circumstance. 

Autop.sy was performed five and one-half hours after death. When the thoracic 
plate wjis* removed, there was evident a bluish color of the jiericardiuni. The peri- 
cardium was opened, and oOfi c.c. of blood were found fhendn, inostU in .i h-r„'- <Iot. 



Just above the 
size oi' a pea 


pnvrrXITMi SUHAOUTIC 
WALSH ET AL.; CO^«E^^Ali . 

1 nfinr careful .“ean-b, iborc was fouiul. aluput 

The heart and lungs were roitKAec, a i . Jilatalioii of the nortn 2.5 fui. 

2.5 cm. above the aortic ring, a sma ,vhich blood could be 

in length, at one end of ^vlucU " J r,.,cd of tin- 

e.xpressed. The rupture was about the s'/.c of t ^ 

bllod m the pericardium, the heart weight was apprOMtnal . - ^ > 

r Cvcc i,.fn the left auricle, whi-h seemed slightly dilalui. 
The heart was opened, first into the lett ur. vcL-eiations about the 

mitral valve there was a small group of iirn g 
The valve leaflets and the remainder of the vnhv u.-re eutuol.r 
nomal There were no evidences of aurirulitis. When the left ventricle wa< opened 
a considerable degree of infundibular stenosis wa.« found l.o cm. the ins. r m 

of the aortic valve; thi.s wa.s accentnntod still further by a fir, a. ra.sed fibrous n.lg. . 

4 mm. wide and 4 mm. liigh, encircling the ve.stibnle of tlie aorta and rc.-uituig m 
formation of a small chamber between the aortic ciisp.s and the subaortic shdf. riiere 
was a considerable mass of friable, irregular vegetations afta<d.cd to the aortic valv.- 
cusps, and small clumps of the same type were found on tlie subaortic shelf. The 
probe was pushed gently through tho external orifice of the aortic ruplur.% aiu! 
protruded info the lumen of the aorta through the interior ojienitig of n mycotic 
aneurysm which had developed beneath a plaque of ve'geiations about 2 cm. tilxivc the 
posterior cusp of the aortic valve. The left \‘eulri»dc was considerably (hiclu'ni''d; its 
wall measured about 15 mm, in section. Tho aortic valve was cmigeuitaUy deformed; 
there were one veiy largo posterior cusp, about cm. in width, and two small anterior 
cu.sps of about equal size (1’/: f", each), wlihdi were equal to, or !i little .sin.aller 
than, the one large cusp. Tho coronary mouths were normally placed, one Kdiind eacli 
of the anterior cusp.“. The valve, where it was free of vegetations, nppeare<l imnnal, 
nithout evidence of rheumatic infection, past or pre.s<>nt. The valvular endocarditis 
was preponderantly situated on llie large posterior cu.sp. 

The lungs were dry and entirely normal, except for a small area of atelectasis in 
the left lower lobe. There was no evidence of pericarditis or I'leuritis. There were. 
500 c.c. of clear yellow fluid in the right pleural cavity. 

Tlie liver was considerably enlarged (e.stiniated weight, 2,.5i)a grams), ami purplish- 
red; section showed that it contained an inerea.sed amniitif of blood. Otherwise 
the appearance was normal. 

The spleen was much enlarged (estimated weight, OOi) grams). There was a 
large, pyramid-shaped, healed infarct on the diaphr.'.gmatic surface of the spleen. 

The kidneys did not appear remarkable excojit for two or iJiree old infarcts. The 
bowel was removed and opened; it revealed nothing unusual. 

Microscopic examination .showed numerous collections of inflammalorv eelN in the 
medium In some areas tho.=e wore so numerous as to eon.stitutc nli.-^eess'e.v. Xo 
detimte Aschoff bodies were seen. There were the iisiinl micro.scpic chamms -i...,- 
ciated with areas of infarction in the spleen and kidnev. There wa^'m-irked 
ohra.0 p.,,,.vc „n6»«i„„ of 11,0 livo,. Xo mo'.Uoo .vo,o t , 

.„oif „ „,o oortio ,o,„. o,.,;, "" 

Discvsmx 

There has been some controversy concerning llte nature and ori-rin 
the firm, raised ring of tissue beneatli tlie aortic vilve w-bi i • • 

to tho anomaly knoivn as subaortic silrosir Tb n 
planation seems to be that presented bv Sir \tdb ■''i'- 
opinion this firm, raised band is of con'irenital" oriof n 
remnant of the hulbns cordis Histolnwio -f " J'eprescnls a 
<=y is in teeptag ih ‘ 
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Subaortic stenosis may be suspected in patients under 20 years of ago 
when there is no clear-cut history of rheumatic fever and the patient 
presents the auscultatory signs of well-developed aortic stenosis and a 
normal or nearly normal aortic second sound, for acquired stenosis of 
the aortic valve seldom occurs in patients under the age of 20 years. 
In the presence of these signs, the younger the patient, the more likely 
is the diagnosis of congenital subaortic stenosis to be correct. 

The slight diastolic murmur along the left sternal border in our ease 
probably resulted from the deformity of the aortic valve, for slight aortic 
regurgitation may have been present, although, as a rule, a bicuspid 
aortic valve does not produce a murmur. This was apparently true in 
the case described by Thursfield and Scott, for, in their report of a 
case of bicuspid aortic valve and subaortic stenosis, no diastolic murmur 
was mentioned. 


SUMMARY 

A ease of congenital subaortic stenosis, with a congenitally deformed 
aortic valve, is described; the patient was a woman who died, at the age 
of 29 years, of subacute bacterial endocarditis, with a ruptured mycotic 
aneurysm of the aorta and cardiac tamponade. We believe that a 
correct diagnosis of congenital subaortic stenosis is possible in patients 
under the age of 20 j^ears who show clinical evidence of aortic stenosis, 
with a normal or nearly normal aortic second sound. 

Wo are indebted to Dr. Eugenia E. Murpliy, of Arlington, Va., for her cooperation 
concerning tliis ca.«e. 
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E,gM.n, M. O., Bklartson, K. 0., ScMW. H. O., ,„a Wia.l., T, ^ Im- 
pairment Due to Cnistlng Dtobs lu Anucsttotitcil Dogs. Hiil. M - 

3042. 

Uo for ns amiloble evMoucc secs, ll» lojorr lo Hie K.liieve 'm Hiis M-rie- 

np;eJr.o bHf Hie seme kinii ns ..m, i. ninn ufle, 

injury to the limbs. Tlic c.'.'cntial milurc of the roiml dnm.igo b.is m* " 
termined, but the evidence suggests that the i.min factor may )C 
increase in permeability of tlic renal tubule.? duo to a toxm. agent rolc.as.d from he 
damaged limbs, ml.ilo there may bo an additional factor involving reduction ,_n tim 
rate of glomerular filtration probably due to lowering of glomerular cnpilhiry 
pressure. 


ArTiinns, 


Davies, F.: The Conducting System of the Vertebrate Heart. Brit. Heart .T. •}; 

66, 1942. 

The specialized muscle fibers comprising the conducting sy.stcrii of the hearts of 
mammals and birds include S-A node, A-V node, A-T bundle and it.s two liinbs. nnd 
terminal ventricular subendocardial and penetrating Purkinjc fibcr.s. Added to 
these in the bird’s heart are the atria! subcndoc.Hrdial and penetrating Purhinje 
fibers, the right A-Y ring, and the special branch of the right limb of the A-V 
bundle to the muscular A-V valve. 


IVliile the main topography of this .system is .similar in mammals and birds, dif- 
ferences arc correlated with functional requirements. 

The specialized cardiac conducting system of thc.se homoiothermnl vertebrates is 
not a remnant of more extensive tissues of similar structure in lower vertebrate 
hearts. It is a neomorphic development, associated with the more rapid rate of the 
heart (more rapid, in proportion to its size). Ontogenetic development of these 
structures in the mammal (calf) supports this view. 

In a lowly generalized vertebrate heart (salamander) no .ipecializcd tissue is 
present. The sequences of the cardiac cycle arc similar to tIio.se of the lii-dier 
vertebrates. Each chamber 1ms its own intrinsic rhythmic rate, the Tcasoi^for 
which IS not clearly established. The glycogen content of the musculature of the 
heart of the frog, wliieh is also devoid of specialized tissue, is inverselv nronor- 
tional to the intrinsic rhjthmic rates of the several chambers. In mum'mals ami 
i^s, parallel evolution of the specialized conducting .sy.stom has taken place- small 
I erences in the topography of the specialized conducting fibers in clo=clv allied 
species, or m different animals of the same specie.?, may be attributed to varhuion. 
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Sharpey-Scliafer, E. P., and Wallace, J.: Circulatory Overloading After Rapid 

Intravenous Injections. Brit. M. J. 2: 304, 1942. 

Up to 2,000 c.c. of saline, serum, and blood vas injected into subjects without 
cardiovascular disease at rates of from 54 to 168 c.c. a minute. The venous pres- 
sure was raised up to 11 cm. BLO when there was considerable retention of injected 
fluid in the circulation, as indicated by the fall in hemoglobin. Radiographs showed 
an increase in the diastolic size of the heart, enlargement of the pulmonary arteries, 
and prominence of the vascular markings in the lung fields. Vital capacitv was 
diminished, but there was no evidence of pulmonary edema. In spite of the rise 
of venous pressure many subjects had no increase in heart rate. Of twelve subjects 
four showed electrocardiographic changes indicating slight right heart stress. Symp- 
toms were absent or unimportant. There was a rapid fall of venous pressure to nor- 
mal on ceasing injection, except in one subject given blood. There is evidence that 
the peripheral and pulmonary capillaries and veins dilate to accommodate the in- 
creased blood volume. 

Wien the blood volume was first reduced b}’' a large venesection, saline or serum 
injected in similar amounts and at similar rates caused little or no rise of venous 
pressure. 

Authors. 

Hass, G. M.: Elastic Tissue. II. A Study of the Elasticity and Tensile Strength 

of Elastic Tissue Isolated From the Human Aorta. Arch. Path. 34: 971, 1942. 

In a series of twenty-one human aortas, aged 10 days to 77 years, the amounts 
of elastic tissue which were recovered varied from 28.9 to 42.2 per cent, with an 
average of 37.9 per cent. 

The quantity of elastic tissue in each unit volume of the average aortic wall 
remains nearly constant throughout life. Individual variations arc included in the 
range 28.9 to 42.2 per cent. 

The purified elastic systems possess an average of 32 jier cent greater extensi- 
bility and 170 per cent gieater retractility than the intact aortic walls from which 
they are isolated. 

The average maximum extensibility of isolated elastic tissue decreases with in- 
creasing age in a manner which cannot bo predicted by a study of the intact aorta. 

The retraction of isolated elastic ti.ssuc after extension is always more com- 
plete than that of the intact vessel. The magnitude of retraction is the same for 
all isolated networks and is independent of their ago. 

The tensile strength of isolated tissue varies from 1,490 to 6,750 Gm. per square 
centimeter of dry cross-sectional area at maxihmm extension. In general, tensile 
strength decreases with increasing ago. There are several unexplained exceptions 
to this average rule. 

Autiioi:. 


Henry, F.: Cardiovascular Effects of Experimental Insomnia. Am. J. Physiol. 

138: 65, 1942. 

The mean heart rate of eight male human subjects was lowered at rest in the 
reclining posture but not while standing, as the result of twenty-four hours of .«lcep 
deprivation. It was also lowered during exercise and recovery. An increased nega- 
tive phase was observed, and there was also !i reduction in the amount of relative 
bradycardia produced by a modified Val.-alva c.vperimcnt performed during early 
recovciy from exorcise. A reduced irritability of some part of the met h.iiiisin. 
respon.^ible for rate control during late excrci.'^c and recovery is postulated in ex- 
planation. 
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A A. nnfi 7iicker G : ElcctrocnrdioErapliic ChntiKes After 
Kisch, B., GoldWoom, A. A., and Zucker, Cx.. q. j-u-j. 

Occlusion of the PulmoHoiry Artery or Aorta. C.u<liolo...t 

Experiments are presented in wl.icli nn aeute 
was produced by dnmpin- the pnimonary artery or aorta. J,P"al 

erauUie cliangcs rverc observed. .,fi„r t, 

These dectrocardiograpliic changes arc similar to those W'fn y j ^ ‘ 

potassium chloride blotting paper rvas ph.eed on nn isolated area of t r ght or h f. 
fide of tl.o heart respectively. Tiicsc fmdinp.s s<-em to indmate that in tin.-, ixj 
monts a damage of predominantly one .-^ide of the heart ).'= )>resenl. 

cicctrocardiographic changes were obtained in the authors' experiment rviien 
one hiliis or when less than two-thirds of the pulmonary tirtery was dnmps-l. 


Kisch, B.: A Contribution to the Problem of the Electrical Alloniation of the 

Heart. Cardiologia 6: O.o, l{i-j2. 

It is shown that the presene.e of alternation in the elect vueardiogtaw depends in 
the same way on exactly tlic same factor.^ as the meelianieal altcrnnlion of ilm heatt 
manife.st in tlic tracings of licart beat and pulse wave. 

These important factors are the bioenergelie condition of the heart (disposing 
factor), the heart rate, flic blood pressure and the exlraeardiac nerves of the liearl. 

There is no reason to look at the clcetrie .alternans ns a .separ.ate jiheiiomenou of 
the heart pathologj- as was rejtoatedly done in the literature of the last ye.ars. 

A satisfactory explanation of the isolated electric alternans is given by rei'eiif 
findings that only or predominantly the .surface layer of the heart imi'^i-le is shaping 
the ecg. from the peak of It up to the end of T. 

A tracing is presented which sltows an ultcrnuting A-V eoiulimtiug tinn- in a cat's 
heart. 

AfTlii)!:. 


Nylin, G., and Crafoord, C.: Simultaneous Electrograms From Left and Bight 
Ventricles of the Human Heart. Cardiologia 6: 130. lOi'J. 

Simultaneou.s, selective (unipolar) electrograms of the right and left ventricles of 
the freed human heart with intact pericardium give ]iotoutiul and tvpicni dexiro- 
respectively sinistrogram.s opposed to each other. 

Authou.s. 


Gallop Bhythm and Atrioventricular Dissociation. Cardiologia G: 


Dagnini, G.; 

146, 1942, 

pxe-diastolie-ineso-proto-diastolic gallon Pneh to '•uriulde 

ia the acoustic sense as al o the sncLl f beat 

f-t type is observed with partiull^' orfi::"l"‘ 
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The conditions under which each form arises are enumerated and individual 
points, which partly explain the genesis of the tones connected Amth the disturb- 
ances mentioned, are emphasized. 

Autiiok. 

Edeiken, J.: Extreme Tachycardia: With Report of Non-Eatal Paroxysms Fol- 
lowing Myocardial Infarction. Am. J. M. Sc. 205: 52, 1943. 

Tavo cases of extreme tachj-cardia are added to the fifteen cases picviously re- 
ported AA'ith a recorded ventricular rate of 300 or more per minute; in one instance 
the tachycardia occurred during the acute stage of myocardial infarction. 

So far as can be determined. Case 1 is the onlj- case in AA-hich such extreme tachy- 
cardia was recorded in -the presence of acute myocardial infarction; in the orlier 
cases of extreme tachycardia the nn’oeardium AA-as regarded as sound. 

Tavo paroxA'sms of extreme tach 3 ’cardia occurred in the patient sulTering from 
mj'ocardial infarction — one lasting twelve hours Avith a ventricular rate of 310 per 
minute, and another lasting thirt 3 ’’-four and one-half hours with a ventricular rate 
of 303 per minute. The onset and offset in both attacks Avere sudden. 

The A’entricular rate of 310 per minute is the fastest sustained tachj-cardia recorded 
in the adult human heart; more rapid rates liaA-e been recorded in infants. 

In nine of the fifteen previously reported cases, treatment did not appear to in- 
fluence the paroxysms or prevent their recurrence. It is questionable whether treat- 
ment (quinidine and digitalis) exerted anj-- beneficial effect in stopping paroxysms 
complicating acute mj-ocardial infarction. 

AUTiion. 


Toledo, P. de A.: Sinoauricular Block. Rev. argent, de cardiol. 9: 111, 1942. 

Numerous arguments, clinical, phj'siopathologic and experimental, are in faA'or 
of the existence of sinoauricular block. FolloAA-ing Spuehler, many electrocardio- 
graphic records of difficult interpretation maj' be considered as an example of tins 
tj-pe of block. 

Sinoauricular blocks raaj' be classified in the same Avaj" as auriculoventricular 
blocks. TheA' are generallj' reversible, of vagal or toxic cause or combination of 
both, and their differential diagnosis is facilitated Iw the e.xercise and atropine tests. 
Sometimes they coexist AAdth other conduction disturbances in AA-hich case severe and 
diffuse myocardial lesions are probably present. 

Author. 

Vedoya, E., Videla, J. G., and Albanese, A. E.: Persistence of the Ductus 

Arteriosus. Surgical Intervention in Four Cases. Rev. argent, de cardiol. 9: 

94, 1942. 

The results obtained bj' ligation of the ductus in four cases of patent ductus 
arteriosus arc reported. Tavo of them AA-cre in bad condition AA'hcn operated upon. 
The results AA-ere excellent in the three cases in AA-hich no other malformation aaos 
pre.sent. ilarked reduction of the heart .size a fcAv daA-s after operation, great im- 
proveinent of functional capacitA- of the heart and beneficial effects on somatic 
and intellectual dcA-elopment Avere the salient feafurc.s. 

One case, in AA-hich a pulmonarA- stenosis AA-as diagnosed during operation, died a 
fcAV hours after of pulmonarA- embolism. 

On di.®cussing its indication, the conclusion is reached that operation .should be 
tried in everA- case, and as carH- as possible. 


AUTHOR.S. 
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B., ».a B.: HC..P>C.,. .» 0>««c Oop.cn.M Hc,« B.... 

Brit. Heart J. 4: 321, 3942. . , • 

Three cases of cyanotic congenital heart disease ^ t|ispus'^<'d. 

infancy have been described. The possible niechamsia of this has 

•’ AvriUDis. 


OosMo, P, Damlrosi, E. G.. and Lazica, A. P.: Cardiac Ancurjam and Mnlcd 
Myocarditis. Kcv. argent, dc cardiol. 9: 1S2, 3942. 

In a case of isolated nivocarditis neerop.iy revealed the presence of n parietal 
aneurysm next to the apex of the heart. In the absemm of other ein.logie evidema- 
especially of coronary lesions, and considering the predominance of infill rate,- nt 
the level of the aneurysm, a rchition of cause and elTeet betwoen isolated myo- 
carditis and ancurvsm is established. 

AvTiiiin.';. 


CooksoD, H.: Painting and Fits in Cardiac Infarction. Brit. Heart .1. -3. H'.-, 

3942. 

Among two hundred patients with aeiilc enrdiae intnretion, a syncopal or 
epileptiform attack was observed in liflccn. At the onset syncope occurred iu 
ten, of whom five were aged 70 ycar.s or more. They presented tlie api/earanc,* of 
severe peripheral circulatory failure, often combined with a slow heart rate, l.-ut 
in one there was ventricular taeliycardia. Pain might be absent or slight. In 
five, the cardiogram showed abnormal rliytJims of .supraventricular origin. I’o-terior 
infarction was eommonor than anterior. Six of the iiat tents had died by the fourth 
month. Po.«sible causes of the syncojic arc brietly discussed. 

Syncope and fits in the conr.se of oardiae infarction are reported in five ]>atient.-i. 
whose average age was 0'9 years. Two had suffered jin.viou.-ly from anginal pain. 
Two had sjmeope and three had Stokes-Adnnis attuehs. All five died witliin twenty- 
nine days of onset. Abnormal rliyt lints wore recorded in four. Cardiograms during 
the actual attack showed complete heart block in one, and nodal rhythm with a 
change in the ventricular complex immediately after a short convulsion in another. 
Indirect evidence as to the mechanism underlying llie attacks in the remaining ca-m.s 
is given. 

AUTimi;. 


Eascoff, H.: Beriberi Heart in a 4-Montli-OId Infant (Witli Four-Year Follow- 
Up). J. A. M. A, 120: 1292, 1942. 

In a case of beriberi licart in a 4-month-old infant the diagnosis was made 
clinically, and therapeutic response was noted with tliiamine hydrochloride. 

The daily diet of the average young infant is deficient in thiamine hvdroehloridc 
and should be supplemented with vitamin B,. In ca.ses of gastrointestinal disturb- 
ances the vitamin B, intake is to be increased. 

Some cases at present diagnosed as idiopathic cardiac hyportropl.y, or death, 
attributed to status thymicolymphaticus, may be caused by infantile beriberi. 

AUTIIO!!. 

Kuttner, A. G., and Eeyersbacli, G.: The PreventtoT, . 

Respiratory Infections and Elreumatic Eecurrences in 

the Prophylactic Use of Sulfanilamide. J Clin Invo c , Children by 

0. Uiii. investigation 22; 77 pij-; 
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Toxic manifestations of sufficient sererify to necessitate the ’.vithdrawai of the 
drug occurred in 15 per cent of the patients. 

Children, -who did not develop toxic reactions, tolerated the drug veil. 

The effectiveness of sulfanilamide in preventing rheumatic recurrences indicates 
that infection vith Group A hemoMic streptococci is an important factor in the 
etiology of rheumatic fever. 

Author-S. 

Gnioii, C. M., and Adams, E. C.: Six Autopsied Cases of Disseminated Lupus 
Erythematosus. Am. J. M. Sc. 205: 33, 1943. 

The clinical, laboratory, and autopsy findings in six cases of disseminated lupus 
erythematosus observed at the Xev York Hospital betiveen 19.30 and 1940 are re- 
ported. 

Xo common etiologic basis was observed in these six young women. Study of the 
diseased tissues cast no light on the pathogenesis. 

IVlnle vascular lesions rvere observed, none of the eases resembled periarteritis 
nodosa. Xoteworthy was the frequent association with acute and chronic arthritis 
and with pericarditis. 

Autzioe-S. 

Christian, H. A: Nonspecificity of Glomerular Lesions of the Kidney. Am. J. 
M. Sc. 204: 781, 1942. 

This paper has emphasized the nonspecificity of lesions observed in the glomerulus 
of the kidney and offers this nonspecificitj’ as an explanation of many .similarities 
in the signs and symptoms of renal disease.s. 

Aurnor- 


Howell, T. H.; Blood Pressure and Old Age. Brit. Heart J. 4: 143, 1942. 

A rise of systolic blood pressure is common after the age of GO years. 

In the present series of 120 Clielsea pensioners, 42 per cent had systolic figure^ 
regularly over 160 mm. 

Cancer, cardiac failure, and infections often cau.se a fall in blood pressure. 

Marked arteriosclerosi.s, in the absence of raised blood pressure, is usualh a. o 
ciated with poor physical condition. 

It is suggested that the raised blood pressure of old age is a form of compensation 
tending to prevent i.schemia of vital structures. 

,\t;Tiioi:. 


Eedish, J., and Chasis, H.: Punction of the Separate Kidneys in HsTcrtensive 

Subjects. Arch. Int. iled. 70: 738, 1942. 

The impairment of renal parenchyma in hyperten.'^i%-e subjects prcx-ceds in a 
partillel manner in both kidneys, the pace varying in different per.-ons. The '1*^ ' 

in renal blood flow is shared’ equally by the two kidneys. In twenty-one su )jcc s 
with h\"j>crt<?nHion at ran'lom unHateral renal iselieinia 

to be pmesent in a single instance. 

.-Absolute reluetion in blood flow to one or both kidne_>.“, .i*- UiC.isured _ 
clearance, does not nece.-sarily demonstnife that renal ts-hemia is prc-ent. 
elusion can f*e drawn only if the tubular excretory mass is measured, so tliat 
blood flow per unit of tubular e.xcretory tissue can be evaluated. 
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may vary markedlv iu two kulucys of equal functional < aiu. i \. - . 

coiparing the Wiou of tUo two kulnoys al.onki tkoreforo l-o evnlua u! w tli 
caution for inequality in urine flow of itself can account for i.ino ion.'- ii -I"' ^ 

gra^ty of the uLc, in appearance time ami relative concentration of .lyes nml m tin 

roentgen shadows in excretory pyelography. 

In throe hypertensive subjects who had undergone surgical pro.-odurcs for r.mal 
conditions significant disparities in the blood flow to the two kidneys were observed. 
In one subject who had undergone bilateral splanehuiccctomy the blood flow was h-s 
than normal in both kidneys and markedly so in one. In two subjivts nlm had had 
unilateral operations (omentopexy and nephropexy) the blood flow to the tn-ated 
kidney was less than that to the untreated kidney. In none of the three siibj.s-ts did 
the elevated arterial tension fall after surgical therapy. 


reldt, R. H., and Wenstrand, D. E. W.: The Eamily History In Arterial IlMicr- 
tension: A Study of 4,376 Insurance Examination;. Am. M. Sc. 205: fll, 
1943. 

A brief review of the literature and analy.si.s of family iiislorie.s taken from life 
insurance examinations are reported. In this .series of 4,376 applicant.s, llie incidenc.,' 
of familial cardiovascular disejisc was only slightly greater among hypertensive per- 
sons tiian it was among persons with normni iilood privsiirt;. There was no 
significant ditfcrcnce in the familial incidence of diabetes. It ap])ears unlikely that 
heredity is of primary importance in the etiology of Iiypcrtension. 

At.'TJions. 


Lewis, T., and Stokes, J,: A Curious Syndrome With Signs Suggesting Cervical 
Arteriovenous Tistula, and the Pulses of Neck and Arms Lost. Brit Heart d 
4: 37, 1942. 


A patient is dc.«cribea in whom the piih^e... of the neck and arms had been lo-t. 
and who presented signs suggesting an arteriovenous fistula at the root of the m^-k’ 
The defective blood supply to the upper parts of the hwlv was re.sponsilfle directly 
or indirectly for a gross defect of vi.sion, for frequent fainting attacks nn.l head- 

The three cases show so much in common as to .suggest a ivitholofr!,...! 

'».™i,s 


Authoii.s. 


Rich, A. R.; The Role of Hypersensitivity 
Hopkins Hosp. 71; 123, 1942. 


in Periarteritis Nodosa. 


Bull. .Johns 


Avascular lesions' 


charactorkstic of periavtcriti.s 
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the hypersensitive reaction was serum siclmess and not drug sensitivity. The fifth 
patient had serum sickness in the absence of sulfonamide therapy; (2) in a biopsv 
of muscle from a patient who had a hj-persensitive reaction following foreign serum 
and sulfonamide therapy; (3) in the viscera of a patient wlio Jiad received propliy- 
lactic sulfonamide therapy against aspiration pneumonia. 

None of these patients had had any symptoms suggestive of periarteritis nodosa 
prior to their terminal acute illness for which the senim or sulfonamide was ad- 
ministered, and the vascular lesions were fresh. 

These cases, together with otlier pertinent evidence discussed in the body of this 
paper, indicate that vascular lesions of this type can be a manifestation of the 
anaphylactic tj-pe of hypersensitivity, and suggest the importance of a search for the 
inciting antigen in cases of periarteritis nodosa that come under clinical observation. 

AuTiion. 

Master, A. M., Back, S., and Jafife, H. L.: Cardiac Efficiency and Prognosis Fol- 
lowing Recovery From Acute Coronary Occlusion: The Results of Various 

Functional Tests. J. A. M. A. 120 : 1271, 1942. 

Cardiac cfficicnc}" was studied by vmrious function tests performed serially on two 
hundred and two patients, who were observed for two to eight years following re- 
covery from acute coronary occlusion. The results were evaluated from a prognostic 
point of view. 

Recovery from acute coronary occlusion was found to be good or complete in 
over one-third of the patients; i.e., they had no symptoms of diminished cardiac 
reserve or routine activity. One-half were able to return to work, usually full time, 
and cardiac reserve, as measured b)' function tests, was normal or only slightly ab- 
normal. 

A persistent reduction in vital capacity was rare in the good recovery group, but 
common in those wliose recovery was poor. However, tlie vital capacity not infre- 
quently was normal in the presence of severe angina pectoris. A reduction below 
2,000 c.c. was generally found only among patients wlio were in congestive heart 
failure. 

The two-step exercise tolerance test, a simple nonstrenuous test of cardiac function, 
became normal in IS per cent and remained distinctly abnormal in two-thirds of the 
patients. Return to normal usually occurred one' or two j’ears after the attacks, 
and was associated with a good clinical recovery and decreased incidence of subse- 
quent attacks. 

The teleoroentgenogram revealed definite cardiac enlargement in lialf of the 
patients, and the majority of tlicse were hypertensive. As a general rule, chronic 
coronary sclerosis or coronary occlusion did not produce cardiac enlargement unless 
hypertension or heart failure was present. Although a severe degi'oc of coronary 
disease may exist without cardiac enlargement, clinical recovery was more complete 
and subsequent attacks were loss common when the heart size was normal, emphasizing 
the relation between heart size and cardiac function. Cardiac enlargement was al- 
ways permanent. 

A systolic c.xpansion of the left ventricle, pathognomonic of previous infarction, 
was observed fiuoroscopically or roentgcnkyinographically in nearly three-fifths of 
the patients, and localized absence or diminution of pulsation in 2r} per cent. Willi 
few exceptions these abnormalities were penminent. Although an abnormal ven- 
tricular juilsation did not preclude a good recovery from the attack, it was almost 
universal in those whose recovery was jioor. Not infrequently it was the only remain- 
ing sign of previous infarction, being observed in the majority of jiatients who-e 
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tecovcTed con^plctely, and rarely sustained another attaeU. 

The.electroeardiognrm returned to normal orjdnu,st 

ra-lov„,. n» «c.i as fl„so ,v.»™ T saw, 
petsisteJ. Hosvcvet. the pctoslenco o{ 

farction, which was observed in almost two-tliirds of the pa le ' 

a bad prognestie sign. The location of the infarct, i.c., wboU.er an erm, <‘r -sur o , 
did not affect the clinical course. However, when infarction o )0 i su .u. 
occurred, the progno.^is was worse. 

The electrocardiogram after the standard two-step CMercise revealed .'=ign.s of 
coronary insufficiency (depression of RS-T or inversion 'of T wave) in five of eighteen 
patients whose control record was normal, and in twenty-four of thirty-nine i-atienls 
with abnormal electrocardiograms. A negative tost was associated with a good 
recovery and good cardiac function. 

The presence of a normal two-step exercise tolerance test, normal ventricular pulsa- 
tion, or a normal electrocardiogram following coronary occlusion was usually accom- 
panied by complete clinical recovery. Not only were significant angina pectoris and 
dj'spnea uncommon when the foregoing tests became normal i'Uf a subsequent attack 
of either coronary occlusion or heart failure was rare. In those wlio.'-'e recovery was 
poor there was nearly always objective evidence of disability. 


A fTimi’- 


Perera, Gr. A., and Berliner, E. W.: The Eolation of Postural Hcmodilutioti to 
Paroxysmal Dyspnea, J. Clin. Investigation 22: 2.5, ll> j:l. 

It has been confirmed that .serum protein concentrations are eomsiderably altered 
in health and disease by changes in position and by muscular activity. 

Tliis decrease in serum protein concentration appears to be the result of hemodibi- 
tion, due to an increase in plasma volume. 

The close correlation between nocturnal hemodilutiou aiul attacks of paroxv.Mual 
dyspnea suggests that an increase in plasma volume is an important factor in the 
production of acute left-sided failure in individuals wltli organic heart disease. 
Clinical interpretations of protein values must be made with caution since an 

average fall of 0.8 Gm. per 100 c.c. is encountered after rest in the horirontal 
position, 

.\UTUOUS. 


Yeomans, A„ Porter, E. E., and Swank, E, L.: 
tions of Circulatory Congestion Produced 
Investigation 22: 33, 1943, 


Observations on Certain Manifcst.a- 
in Dogs by Rapid Infusion. J. Clin. 




abdomen, liver, and spleen and in some s PJ-cs.mre.s; .swelling of th 

plasma volume and a dilution of the so.- P«l''>onary edema; an incrc:iso i 

heart size, and cardiac output; gallop rhytluif-^d svstffi' 
m oxygen consumption. ^ ^ ^ murmur; and an iue.reas 

These phenomena and their 

d«d. A. *» ™ fail.,... i„ „ 
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Warren, S,; Effects of Radiation on Normal Tissues. VI. Effects of Radiation 

on the Cardiovascular System. Arch. Path. 3i: 1070, 1.042. 

An extensive review of the literature on the effects of roentgen radiation. This 
IS a section of a njore general review on other parts of the body. Includes as well 
the effect of radium and other active agent.s. 

McCuu.ocir. 

Sigler, L. H.: Tratuna of the Heart Due to Nonpenetrating Chest Injuries. J. A. 

M. A. 119: S55, 1942. 

Trauma of the heart and the adjoining structures caused by blows to the chest 
or to distant parts of the body occurs much more often than tlie literature would 
indicate. This paper de.scribes briefly the results of the available ex'perimental work 
on the subject, the types of force that may produce cardiac injury in man and the 
resulting form of injury. The symptom complex and electrocardiographic manifesta- 
tions of cardiac injury are briefly described. Emphasis is j^laced on the importance 
of bearing in mind the possibility that trauma of the heart may occur in any bodily 
injury, and of subjecting such patients to frequent cardiac examination.s, including 
repeated electrocardiographic studies. 

Author. 

Wakerlin, G. E., Johnson, C. A,, Smith, E. L., Moss, W. G., and Weir, J. R.: 

Prophylactic Treatment of Experimental Renal Hypertension With Renin. Am. 

J. Phy.siol, 137; old, 1,942. 

Studies were made of the prophylactic effects of i)artially purified hog renin, 
inactivated hog renin, dog renin, rabbit renin, inactive human renin, and liver extract 
prepared like renin, in experimental renal hypertension in the dog. 

Hog renin completely protected two dog.s, partially protected one, and did not 
protect a fourth animal against the der'elopment of experimental renal hypertension 
following constriction of the renal arteries by the Goldblatt technique. 

Inactivated liog reniji protected one dog but did not protect three other animals. 

Dog renin completely protected one dog, partially juotected one, and did not 
protect two dogs. 

Rabbit renin completely protected one dog against experimental renal hypertension. 

Inactive human renin offered no protection to two dogs and liver extract was like- 
wise ineffective in throe dogs. 

Sixteen untreated control aniinnks all developed experimental renal hypertension 
following constriction of the renal arteries. 

The mechanism of these ])rophylactic ell’ects is not apparent at present. They 
may be due to renin or to some other substance in the partially purified renal ex- 
tracts. Antirenin is almost certainly not involved. Further studies which may 
clarify the mechanism are now under way. 

AuTiroK.S. 


Burlingame, P., Dong, J. A., and Ogden, E.: The Blood Pressure of the Fetal Rat 
and Its Response to Benin and Angiotonin. Am. .T. Physiol. 137: 47.3, 1912. 

Injection of an effective dose of renin into the blood stream of rats in late 
pregiittucy docs not affect the fetal blood jiressure. Injection of even larger doses 
of renin, angiotonin and adrenalin into the maternal blood stream cause a juofouml 
fall in fetal blood jiressiire. Recovery is slow and incoinjilete. 
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Injections of renin, angiotonin an.l n.lrennlin into tlie fetal Won.l stream ran 
p„<le.lly tat .-at a'.t t.a..Ia-«l f™"' •« 

'"‘Tlm'fJtuf mud. less responsive to renin, angiotonin an,] ei.inepl.rine tl.an 

the motlier. A.-TimaK. 


Davidson, C. S., and MacDonald, H.. 
MetUylenelris (4-Hydioxyconmarin) 


A Critical Study of the Action of 3.3'- 
(Dicomnarin). Am. .1. M. Se. 205: 2t. 1!>I3. 


The effect of the .synthetic compound 3-3'-mothylciiehi>. M-hyrIroxycoiiinnrin’) 

dicoumarin — upon the coagulation of blood and upon I'crt.ain blood constituents 

was studied in detail in a small group of patients. 

The drug was found to act hy dimini.sliing the cITective pn.tl.rombin cmic*'ntralien 
in tiic blood, sometimes to very small amounts. 

The prolonged blood coagulation time ob.-erved i.< apparently secondary to tbe low 
prothrombin concentration, but was not constant nor rvas if of marked degree unless 
largo doses of the drug arc administered. 

The coagulation time measured in “Liisterf.id,”' although more variable Ibnn in 
glass, showed much gre.ater delay in clotting thun in glass nftcr the nilmiuislration 
of the drug. The suggestion was made that the eoagulation time in “Lusleroid*’ 
indicates the true coagulation defect more closely than docs glass. 

The occurrence of prothrombin clotting times longer than recalcificd j.lasma clot- 
ting time was observed and the pos.«iblc significance of tlie finding discussed. 

The relation of the abnormal elotting meelianism (o other enagnlafion faetur.s: 
foreign surface, platelets, “globulin subsluneo,-’’ and plasma iiroteolytic enzvmo was 
studied and the result.s di.scussed. 

The effect of the administration of tl.e dr.ig npon blood cyiologv, liver function, 
plasma proteins, especially fibrinogen, was studied and no significant abnormalities 
found. 


Vitamin K (syntbetic) was found not to act in any way as an antidote to the 
effect of administration of the drug. 

Whole blood transfusion was found to have only a transitory effect or no effect 
upon the abnormal clotting mechanism in patients receiving the drug. 

It is suggested that tlio variable effect of the drug upon blood eoagulabilitv 
Us prolonged action after di.scontinualion, and its diflieultv in control render the 
drug a poor heparin substitute, and that gieal caution must be used in its ndminiMra- 
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angiotouin-destroving extracts of kidneys, administered to h;i'pertensive patients, 
abolish at least one characteristic action of angiotonin, i.e.. they increase the 
depressed cardiac output. 

Amior.s. 

Ziirrovr, H., Saland, G., Elein, C., and. Goldman, S.: The Effect of Testosterone 

Propionate in the Treatment of Arteriosclerosis Obliterans. J. Lab. &• Clin. 

Ifed. 28: 269, 1942. 

Tu'enty-three patients suffering from obliterative vascular di-sease of tlie lower 
extremities vrere studied to note the effect of testosterone propionate on the signs 
and symptoms of their disease. Eight cases received biweekly intramuscular injec- 
tions of 2.5 mg. of testosterone propionate: fifteen patients were observed as con- 
trols. The entire study was carried on over a period of eigliteen months. 

Xo significant effect was noted in the treated cases with resptect to vascular 
anatomic status, tissue anatomic status, vascular reserve, claudication, rest, patn, or 
functional status, as compared with the control cases. 

At'THOBS. 


Goodman, ff. L, Corsaro, J. P., and Stacy, E.: Mercurial and Xanthine Einretics 

in Chronic Congestive Heart Pailtire: A Comparative Survey. Arch. Int. 

Med. 70: 075, 1942. 

It is propo.'od that accurate clinical methods for the evaluation of mercurial 
and xanthine diuretics in patients with hydropic cardiac disease require a pre- 
liminary period of treatment until all grossly visible edema has disappeared. This 
disappearance lias been determined from the strict use of the daily weight of the 
patient, and the resultant condition has been called by us a "state of balance.’ 

In patients in tliis “state of balance" only the really effective diuretics are 
capable of producing a further diuresis. 

The following observations were made on sixteen patients given a total of -78 in 
jections: 

Injectable preparations in wliicb mersalyl solution was combined with theophyllme 
or theophylline with cthylenediamine were notably less efficient than pure mer.ay 
solution administered in similar doses. 

Oral and rectal modes of therapy which employed combinations of mcr.^alyl so u- 
tion and theophylline produced little diuretic effect compared with that pro u.c 
injectable preparations administered to the same patienir. 

Theophylline with ethylenediamine (7l-j grain.=) given intmvenou.riy to patients 
in Ol b^Itince’’ not produce uny evident diu^e^i^ it. -1 . 

Finally, the greatest diuresis was produced by mersalyl solution (1 c.c.) given 
intrarauscularlv one hour after intravenous administration of theojihyllinc v,i i 
ethvlenediamine f'bi groins). A superior degree of diuresis resulted, which wa- 
cqualled only by a dose of mersalyl solution alone containing four times as much mcr- 

curv-. namely, 4 c.c. At-tttows. 


Campbell, bL: Partial Heart Block Due to Digitalis. I5rit. Heart .T. 4: LH. 1942. 
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In a series of cases of partial heart block nearly 40 per cent of tliosc with dropped 
heats were being given digitalis, and 15 per cent of those with latent lieart block. 

The most essential prerequisite was some prolongation of tlic P-R interval before 
treatment. In those with partial heart block and dropped beats, and in tho,=e with 
latent heart block, it averaged 0.21 second. Only in three of twenty-three was tiic 
P-R interval below 0.1 S second; in these three it was O.IC second, and in two of tiiein 
there was acute infection also. IVhcn there were no dropped beats, the P-R interval 
was on the average increased to 0.26 second. When there were dropped beats, there 
were most often two responses before the dropped beat, and tlic lengthening P-R 
intervals averaged 0.22 second, 0.37 second, dropped boat, etc. Tlii.s, liowever, was 
the average of very varied figures, which averaged 0.22, 0.29, dropped beat, 'etc.; 
m three, and 0.22, 0.41, dropped beat, etc., in six patients. No .special difference could 
be found between the groups with these different responses. Apart from the presence’ 
of latent heart b oek the etiology of the underlying heart disease did not seem of 

I- congestive failure was present in the majority, as this 

nas usually the indication for digitalis. 
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'^HE American Heart -Association is the oniy national organization devoted to 
edncational -work relating to diseases of the heart. Its activities are under 
the control and guidance of a Board of Directors composed of thirtv- eminent 
physicians who represent every portion of the country. 

A central ofnee is maintained for the coordination and distribution of important 
information. From it there issues a steady stream of books, pamphlets, charts, 
films, lantern slides, and similar educational material concerned -with the recognition, 
prevention, or treatment of diseases of the heart, which arc now the leading cause of 
d^th in the Fnited States. The Asieeicak Heart Jovekal is under the editorial 


snperrision of the Association. 

The .Section for the Study of the Peripheral Circulation was organized in 1935 
for the purpose of stimulating infere.=t in investigation of all types of diseases of 
the blood and lymph vessels and of problems concerning the circulation of blood 
and lymph. Any physician or investigator may become r. member of the section 
after election to the American Heart .Association and pav-ment of dues to that or- 


ganization. 

The income from membership and donations provides the sole financial support of 
the Association. Lack of adequate funds seriously hampers more intensive educa- 
tional activity and the support of important investigative work. 

Annual mem.lsership is -?-5.00. Journal membership at -r 11.00 includes a ye.ar's 
subscription to the AotERiCAX He-VRt Jour.yAi. (Jar.uaiy-Decembcr) and annual 
meml*ership in the A.ssociation, The Journal alone is flO.oo per rear. 

The .Association earnestly solicits your .support and suggestions for its work. 
Membersiiip applic.ntion iilanks will Lc sent on retpiest. Domiti'.ns will l>e gratofally 
received and promptly acknowleiged. 


-utiVC Corr.r-. 


if fee. 



Erratum 


The two illustrations reprinted here were printed upside down on page 578 of 
the May issue, in the article hy Murnaghan, McGinn, and Wliite, “Pulmonary 
Emholism With and Without Acute Cor Pulmonale, With Especial Eefercnce to 
the Electrocardiogram.” 

Please paste these correctly placed figures over those on page 578. 
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